(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
3 July 2003 (03.07.2003) 




PCT 



(10) International Publication Number 

WO 03/054020 A2 



(51) International Patent Classification 7 



C07K 16/00 



(21) International Application Number: PCT/GB 02/0575 5 

(22) International Filing Date: 

18 December 2002 (18.12.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0130543.2 20 December 2001 (20.12.2001) GB 

(71) Applicant (for all designated States except US): CAM- 
BRIDGE UNIVERSITY TECHNICAL SERVICES 

LTD [GB/GBJ; The Old Schools, Trinity Lane, Cam- 
bridge, Cambridgeshire CB2 ITS (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SMETHURST, 
Peter, Alexander [GB/GB]; Division of Transfusion 
Medicine, Department of Haematology, University of 
Cambridge, Long Road, Cambridge, Cambridgeshire CB2 
2PT (GB). OUWEHAND, Willem, Hendrik [NL/GB]; 
Division of Transfusion Medicine, Department of Haemo- 
tology, University of Cambridge, Long Road, Cambridge, 
Cambridgeshire CB2 2PT (GB). FARNDALE, Richard, 
William [GB/GB]; Division of Cardiovascular Biology, 



Department of Biochemistry, Downing Site, Cambridge, 
Cambridgeshire CB2 1 QW (GB ). 

(74) Agents: WALTON, Sean, M. et ah; Mewburn Ellis, York 
House, 23 Kingsway, London, Greater London WC2B 6HP 
(GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, Mw] 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



(54) Title: HUMAN ANTIBODIES AGAINST HUMAN GLYCOPROTEIN VI AND THEIR USE 

^ (57) Abstract: Specific binding members directed to human glycoprotein VI (GPVI), in particular human antibodies, may employ 
0 the antibody VH and/or VL domain of the scFv fragment herein termed 1 0B 12 or one or more complementarity determining regions 

0(CDRs) of the 1 0B 12 heavy chain variable ( VH) and/or light chain variable (VL) domains, especially VH CDR3 in other antibody 
framework regions. Antibody molecules are provided with advantageous and unexpected properties, especially ability to inhibit 
^ collagen-induced platelet aggregation and the adhesion of platelets to Collagen -Related Peptide (CRP). Domain 1 of human GPVI 
^ is a primary target for the 10B 12 antibody with these properties, and the epitope includes lysine 59 



3NSDOCID: <WO 03054020A2 I > 



WO 03/054020 



1 



PCT/GB02/05755 



HUMAN ANTIBODIES AGAINST HUMAN GLYCOPROTEIN VI AND THEIR USE 

The present invention relates to specific binding members 
directed to human glycoprotein VI (GPVI) , in particular human 
antibodies against human GPVI. Preferred embodiments of the 
present invention employ the antibody VH and/or VL domain of 
the scFv fragment herein termed 10B12 . Further preferred 
embodiments employ one or more complementarity determining 
regions (CDRs) of the 10B12 heavy chain variable (VH) and/or 
light chain variable (VL) domains, especially VH CDR3 in other 
antibody framework regions. The inventors have identified a 
number of antibody molecules with advantageous and unexpected 
properties, especially ability to inhibit collagen- induced 
platelet aggregation and the adhesion of platelets to 
Collagen-Related Peptide (CRP) . The inventors have also 
found, contrary to expectations, that domain 1 of human GPVI 
is a primary target for the 10B12 antibody with these 
properties . 

Collagen is the most potent of the constituents of the 
vascular subendothelial matrix which cause platelet activation 
at sites of injury. The proper platelet response to collagen 
involves the concerted action of several cell surface 
receptors. Glycoprotein (GP) Ib/IX/V binds von Willebrand 
Factor, a protein abundantly present in plasma which can also 
attach to collagen, to tether platelets at high shear. GPIalla 
(a2£l integrin) is involved principally in firm adhesion of 
the platelets to collagen. There is increasing evidence that 
GPVI is the major receptor responsible for activation of 
platelets by collagen. The use of such -GPVI -specif ic ligands 
as the triple-helical synthetic Collagen-Related Peptide (CRP) 
(Knight et al 1999) and the snake venom protein, convulxin 
(Polgar et al 1997) , has enabled those aspects of the platelet 
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response to collagen which are mediated by GPVI to be 
identified. These involve phosphorylation of the Fc receptor 
Y-chain, with which GPVI associates, leading to 
phosphorylation and activation of the haematopoietic cell 
tyrosine kinase, p72Syk, and phospholipase C (PLC) y2, to a 
rise in intracellular Ca 2+ and to exposure of a procoagulant 
cellular surface and microvesiculation (Watson et al 2001, 
Siljander et al 2001) . These events stimulated by GPVI 
converge with signals caused by other ligands such as ADP or 
thrombin at the level of Ca 2+ signalling, culminating in the 
increased expression of the fibrinogen receptor GPIIbllla 
(integrin orIIbp3) and its affinity for its ligands. 

CRP (GCO(GPO)ioGCOG (single letter amino acid code where O is 
hydroxyproline - SEQ ID NO. 21)) activates platelets via GPVI 
(Kehrel et al 1998) and supports GPVI - dependent platelet 
adhesion, whereas a closely-related compound GPP10 
(GCP (GPP) 10 GCPG - SEQ ID NO. 22), does not (Knight et al 1999). 
The ability of recombinant fragments of GPVI to selectively 
bind CRP instead of GPP10 is thus a good measure of functional 
integrity. 

An important means of inhibiting platelet activation, to 
prevent formation of platelet -rich clots and to reduce the 
incidence of vessel re-occlusion, is to antagonise GPIIbllla 
function. This receptor undergoes a shape change that allows 
its ligand, plasma fibrinogen, to bind and platelets to 
aggregate. Abciximab (ReoPro™) , the Fab fragment of a 
mouse/human chimeric antibody 7E3 , inhibits the binding of 
fibrinogen to GPIIbllla and is clinically used to reduce 
reocclusion in patients undergoing percutaneous coronary 
intervention (including stent insertion and balloon 
angioplasty (Coller 2001) and in patients with unstable 
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angina. The activation of GPIlbllla lies downstream of GPVI or 
other receptors for non-collagenous ligands such as adenosine 
diphosphate (ADP) or thrombin, so antagonists of GPIlbllla 
effectively block the final, common response of the platelet 
to numerous stimuli- However, there is potentially a role for 
earlier, more selective and specific inhibition of platelet 
responses. For instance, the response of platelets to exposure 
of the subendothelium may be dampened after vessel surgery, 
while maintaining the functional capacity of other pathways 
which may be necessary for normal haemostasis at sites distal 
from that of surgical intervention. 

It has been shown recently by Nieswandt and colleagues that a 
rat monoclonal antibody JAQ1 against mouse GPVI prevents 
collagen-induced platelet aggregation in vitro (Nieswandt 
2001a). A F(ab) fragment of the same antibody, when delivered 
as a single intra-peritoneal dose in vivo, also produces a 
long-term reduction in the sensitivity of platelets to 
collagen (Nieswandt 2 001b) . This effect of the antibody is 
distinct from its ability to inhibit directly the binding of 
collagen to the receptor and appears to deplete GPVI from the 
surface of circulating platelets which may involve receptor 
internalisation and degradation. For newly- formed platelets in 
treated mice it may be that the effect is on the level of the 
megakaryocyte, the bone marrow progenitor of the platelet. It 
is important to note that the effect of F(ab) fragments of 
JAQl was comparable with that of observed for whole IgG. It is 
unclear how monovalent fragments might promote receptor 
internalisation, but these may be crosslinked by murine 
antibodies recognising epitopes on the -rat antibody fragments 
(anti-species reactivity) . Such crosslinking would promote 
receptor clustering, which may be a prerequisite for 
internalisation of GPVI/FcRy as it is for other ITAM- 
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containing receptors (Bonnerot et al , 1998) . JAQ1 is specific 
for mouse GPVI and has only a low affinity for human GPVI . 

It may not be necessary for an antibody (fragment) recognising 
GPVI to block collagen recognition in order to be clinically 
effective since it is the depletion, rather than antagonism, 
of GPVI which protects the mice from thrombogenic challenge. 
There is only 64% homology between mouse and human GPVI (with 
human GPVI containing additional cytoplasmic sequences 
available for signalling) ( Jandrot-Perrus et al 2001) and an 
identical effect is unlikely in humans. It would be 
undesirable in humans for a platelet antagonist to promote 
GPVI clustering: a circumstance likely to presensitize if not 
directly activate platelets. It is known that around 6% of 
patients receiving Abciximab develop ant i -chimeric antibody 
responses (Coller, 2001) . Therefore, as well as blocking 
collagen recognition, for an antibody to be considered as an 
effective GPVI antagonist it should be human so that the 
chances of evoking an immune response are minimised. 

The present inventors have provided for the first time and 
characterized six GPVI specific recombinant human single chain 
variable domain antibody fragments (scFv) obtained from two V 
(variable) gene phage display libraries. During the process of 
scFv selection, screening and characterisation, extensive use 
was made of recombinant fusion soluble receptor fragments 
corresponding to the Ig-like ectodomains of human GPVI (hGPVI) 
fused to the Ca 2+ -binding protein calmodulin (CaM) . The 
fragment of hGPVI used for the majority of this study 
comprised residues Q1-T185 of the mature. protein (referred to 
as hDlD2) . By comparison of the sequence of hGPVI with 
homologous regions of certain natural killer cell inhibitory 
receptors of known structure, the inventors suggested that 
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hDlD2 forms two tandem Ig-like domains and contains the 
collagen-binding site of the receptor. The use of CaM as an 
affinity tag was described by Neri et al (1995) . CaM binds Ca 2+ 
ions and undergoes a shape change that allows it to bind 
target peptides bearing structural similarity to certain auto- 
inhibitory loops within intracellular CaM-activated kinases. 
The development of a peptide (which we term N9A) which binds 
CaM with particularly high affinity in the presence of Ca 2+ was 
described by Montiagiani et al (1996) . Removal of Ca 2+ ions by 
addition of chelating agents (such as EDTA) completely 
reverses this binding. 

Antibody molecules provided herein and obtained by the 
inventors exhibit notably advantageous properties, as 
discussed further below, especially 10B12 . These antibody 
molecules were obtained by a combination of techniques in a 
strategy designed by the inventors and not previously 
reported. 

The strategy involved combination of: 

single round of positive selection, with omission of the 
typical ■ antigen-phage antibody dissociation step achieved 
by elution. Instead the antigen-phage antibody complex 
was eluted from the solid phase by chelating calcium thus 
removing the affinity of calmodulin for the N9A peptide. 
It has been shown by others (de Bruin et al , 1999) that 
standard methods of eluting phage from immobilised 
antigen may not be effective for some strong binders, 
hence a method of retrieval which circumvents this 
problem is more likely to recover -higher affinity scFvs . 

a single round of selection based on the ability of GPVI 
specific phage antibodies to displace recombinant GPVI 
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from the collagen derived mini-ligand CRP. It has been ' 
- demonstrated before that specific antibodies can be 
obtained by using displacement with "whole" antigen, 
"small peptides" (typically 2 0 amino acids or less) or 
haptens. However, the selection strategy employs, for 
the first time, first, triple-helical, inflexible 
oligopeptide which mimics the ligand collagen and is 
specifically recognised by the recombinant receptor; 
second, it is necessary for the phage antibody to 
"remove" this bound receptor from the ligand in order to 
be selected. Removal is achieved probably by preventing 
rebinding of recombinant receptor to ligand once 
dissociation has occurred. To the inventors knowledge 
this novel strategy has not been used by others to select 
a "phage antibody" which is able to block the binding of 
ligand to its receptor. 

By using a system which requires the phage to dissociate 
the receptor from a pre-existing ligand-receptor complex, 
the inventors believed that the chances of obtaining a 
potent inhibitory antibody would be dramatically 
increased. 

Apart from succeeding with their strategy, the inventors were 
also surprised to find that a GPVI -specific scFv (prototype 
scFv 10B12) able to inhibit collagen- induced platelet 
aggregation and the adhesion of platelets to CRP, has a 
significant number of its contact residues in domain 1 of 
human GPVI. It is concluded therefore that domain 1 is 
critical for collagen recognition, some-thing that was not 
obvious previously. The remainder of contact residues for 
10B12 may be in the region linking domains 1 and 2 . In 
contrast, the GPVI-specif ic, non- inhibitory scFv (prototype 
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scFv 1C3) does not bind to domain 1, but shares a significant 
number of its contact residues with murine GPVI . 

The excellent specificity of scFv 10B12 for hGPVI with no 
obvious reactivity with any other human blood cell membrane 
antigens, with human immunoglobulins or with other human 
plasma proteins means that specific binding members with the 
properties of scFv 10B12 are highly advantagous for binding 
hGPVI in its physiological setting. As demonstrated herein, 
scFv 10B12 blocks the interaction of hGPVI with collagen, and 
allows for the development of a hGPVI antagonist. GPVI is 
thought to be unique to the platelet /megakaryocyte lineage 
(Jandrot-Perrus et al , 2000) and under normal circumstances in 
the body is activated only by collagen. The use of specific 
binding members according to the invention may thus be used to 
provide fine control over the activation by collagen only of 
platelets in flowing blood. Since other pathways may act to 
promote thrombus formation at sites distal to those of 
therapeutic intervention, the risk of inappropriate bleeding 
may be reduced. The human origin of the V domains minimises 
the risk for the formation of antibodies against the reagent 
giving it an advantage above currently available antibody- 
based platelet antagonists,, like the chimaeric monoclonal 
antibody 7E3 . 

ScFv 1C3 also has excellent specificity for GPVI, with no 
obvious reactivity with any other human blood cell membrane 
antigens, with human immunoglobulins or with other human 
plasma proteins. As demonstrated herein, it does not block the 
interaction of hGPVI with collagen. It binds hGPVI in an 
independent and non- competitive manner to 10B12, providing 
indication that it has a completely distinct epitope to 10B12. 
This allows for specific binding members with properties of 

"» Ainu Ar\r>ryn, o i ^ 
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scFv 1C3 to be used as and in development of a specific marker 
for GPVI which does not antagonise its primary function of 
collagen recognition. ScFv 1C3 also recognises murine GPVI, 
therefore may be employed to detect mGPVl under appropriate 
conditions . 



In some preferred embodiments of the present invention, a 
bivalent antibody molecule containing a binding domain with 
properties of scFv 10B12 and a binding domain with properties 
of scFv 1C3 may be constructed and employed; this may be used 
to provide a specific binding member with a higher affinity 
than each of the 10B12 and 1C3 scFvs alone. Such a bivalent 
antibody molecule may be used to block the interaction of 
hGPVI with collagen and may be used therapeutically. 

Also, because separate epitopes are recognised by 10B12 and 
1C3, these may be used to detect hGPVI when used in 
combination, for instance in vitro in ELISA, or in vivo in 
imaging studies . 

Specific binding members according to the present invention 
are useful in binding to and preferably antagonising action of 
human GPVI, with therapeutic potential in various diseases and 
disorders in which GPVI plays a role. Exemplary diseases and 
disorders are discussed further below. 

As noted with reference to 1C3 , in other preferred 
embodiments, specific binding members bind to but do not 
antagonise action of human GPVI. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 

The scFvs (15 different clones) were expressed from their 
respective phagemid vector and tested as bacterial culture 
supernatants against various antigens in the direct ELISA. 
ScFv 10B12 was tested on each separate plate as triplicate 
against hDlD2 -CaM (4 plates altogether) and also against 
plate. The relative absorbance was obtained by subtracting 
the reactivity of each supernatant with the uncoated plate 
alone from all other values with that supernatant, then 
dividing each value by that of scFv 10B12 against hDlD2-CaM. 
The absorbances for scFv 10B12 against hDlD2-CaM varied from 
0.331 to 0.482 between the plates. 

Figure 2 

The scFvs (15 different clones) were expressed from their 
respective phagemid vector and tested as bacterial culture 
supernatants against various antigens in the capture ELISA. 
ScFv 1C3 was tested on each separate plate as triplicate 
against hDlD2 -CaM (4 plates altogether) and also against 
plate. The relative absorbance was obtained by subtracting the 
reactivity of each supernatant with the BSA-N9A-coated plate 
alone from all other values, then dividing each value by that 
of scFv 1C3 against hDlD2 -CaM . The mean absolute absorbances 
for scFv 1C3 against hDlD2 -CaM varied from 0.725 to 1.042 
between the plates. 

Figure 3 

ScFv 1C3 was expressed from the pUC119 vector and tested as 
bacterial culture supernatant, either in the direct ELISA 
(above) or the capture ELISA (below) . - represents an uncoated 
plate in the direct ELISA and a BSA-N9A-coated plate in the 
capture ELISA. 
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Figure 4 

ScFv 10B12 was expressed from the pUCH9 vector and tested as 
bacterial culture supernatant, either in the direct ELISA 
(above) or the capture ELISA (below) . - represents an uncoated 
plate in the direct ELISA and a BSA-N9A-coated plate in the 
capture ELISA. 

Figure 5 

ScFv 16E12 was expressed from the pUC119 vector and tested as 
bacterial culture supernatant, either in the direct ELISA 
(above) or the capture ELISA (below) . - represents an uncoated 
plate in the direct ELISA and a BSA-N9A-coated plate in the 
capture ELISA. 

Figure 6 

ScFv 8A1 was expressed from the pUC119 vector and tested as 
bacterial culture supernatant, either in the direct ELISA 
(above) or the capture ELISA (below) . - represents an uncoated 
plate in the direct ELISA and a BSA-N9A- coated plate in the 
capture ELISA. 

Figure 7 

The purified scFvs 10B12 and 1C3 were tested at lOjug/ml for 
binding to human and mouse DlD2-CaM in the capture ELISA. 

Figure 8 

The purified scFvs 10B12, 1C3 and 2F2 (anti-GPIIbllla) were 

tested at 10/zg/ml for binding to hDi-CaM, hD2-CaM or hDlD2 -CaM 
in the capture ELISA 
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Figure 9 

The effect of bacterial culture supernatant s , containing scFvs 
expressed from the pUC119 vector, on binding of hDlD2 -CaM to 
Collagen-Related Peptide (CRP) was studied by ligand binding 
assay. hDlD2 -CaM was used at two different concentrations: 1.0 
and 2.5 fig/ml . hDlD2-CaM binding to CRP in the absence of 
scFvs was represented as 100%, or "uninhibited" binding at 
that concentration. Mean absolute absorbance values for hDlD2 - 
CaM binding to CRP were 0.477 at 2 . 5/ig/ml and 0.260 at 
1.0/ig/ml. A scFv recognising GPIIbllla, 2F2 was used as a 
negative control. Each bar represents the mean of triplicate 
wells + SEM. 



Figure 10 

The effect of purified scFvs on binding of hD!D2 - CaM to 
Collagen-Related Peptide (CRP) was studied by ligand binding 
assay. hDlD2-CaM binding to CRP in the absence of scFvs was 
represented as 100%, or "uninhibited" binding. Mean absolute 
absorbance value for hDlD2 -CaM binding to CRP was 0.265. 
hDlD2-CaM was used at 10 iig/ml . A scFv recognising GPIIbllla, 
2F2, was used as a negative control. Each point represents the 
mean of triplicate wells + SEM. 

Figure 11 

The effects of purified scFvs 10B12, 1C3 and 2D4 (anti-HLA- 
A2/A28 and related structures) on platelet activation by 
collagen were assessed by platelet aggregometry in plasma. 
ScFvs or buffer were added to platelets (arrow A) and 
incubated for 5 minutes. Then collagen fibres (final 
concentration of 1/zg/ml) were added (arrow B) . (a) ScFvs were 
added to 50 M g/ml (final) ; (b) 10B12 scFv^was added to 10 M g/ml 
(final) . 
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Figure 12 

The effects of purified scFv 10B12 on the response of 
platelets to agonists other than collagen were assessed by 
platelet aggregometry in plasma. 10B12 scFv was added at 10 
Mg/ml (final) and incubated for 5 minutes (arrow A) prior to 
addition of the agonists. ADP (at 30 /xM final) or U46619 ( at 
1 A*M final) were then added (arrow B) . A further amount of 
U44619 was added (to 2 /xM final) after a further 6 minutes 
(arrow C) . 

Figure 13 

The binding response (in arc. sec" 1 ) of purified scFvs to 
immobilised hDlD2 -CaM was observed by biosensor. Arrows record 
the immobilisation of hDlD2 -CaM, followed by two aliquots of 
1C3 then three aliquots of 10B12, with both scFvs binding to 
saturation The experiment was repeated (cell l and cell 2) . 

Figure 14 

Binding to platelets of the purified scFv 10B12 or 1C3 or both 
added together (10B12+C3) at different concentrations was 
observed by flow cytometry. One donor platelet sample was 
used. The scFv 2D4 (anti-HIA-A2/A28 and related structures) 
was used as negative control. The donor sample was HLA-A2 
negative (specifically HIA Al A29 B8 B50) . Each point 
represents the median fluorescence intensity of 10000 events. 

Figure 15 

Binding of the purified scFvs 10B12 and 1C3 to platelets was 
studied with 6 different blood donors by flow cytometry. 
Donors D1-D4 were studied as fresh bloody samples , whereas US- 
DS were recovered from cryopreservation before use. D5 was 
heterozygous (Leucine/Valine) for the polymorphism at amino 
acid 83 in mature human GP VI. The scFv 2D4 (anti -HLA-A2/A28 
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and related structures) was used as control. The HLA types of 
the donors D1-D4 were Al A24 B8 B51, A2 B51, Al A3 0 B51 B3 7 
and A3 B7, respectively. Pit = untreated platelets; 9E10 = 
platelets - scFv, + 9E10 + anti-mouse FITC; Fitc = platelets - 
scFv, -9E10, +anti -mouse FITC; 10B12, 1C3 and 2D4 = platelets 
+ corresponding scFv, + 9E10, + anti-mouse FITC. 

Figure 16 

The reactivity of the purified scFvs with granulocytes and 
lymphocytes was assessed by flow cytometry. Cells from two 
donors were prepared. These were both positive for HLA-A2/28 
(or related structures). In the same experiment, the scFvs did 
react with platelets from each donor (data not shown here) . 
ScFvs were used at 50yug/ml. 

Figure 17 

The binding of purified scFvs to immobilised hDlD2 -CaM was 
observed by biosensor. Arrows record the immobilisation of 
hD!D2-CaM in both cells, followed by two aliquots of 10B12 to 
cell l and three aliquots of 1C3 to cell 2, to give 
saturation. An aliquot of 16E12 was added to each cell and the 
response observed. 

Figure 18 

Binding of the purified scFv 1C3 (lO^g/ml) to platelets of 89 
different donors was studied by flow cytometry. The median 
fluorescence intensity of 10000 events for each donor sample 
was obtained. The frequency of donors whose platelets had a 
given median fluorescence intensity is shown. 
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Figure 19 

Figure 19A:Fastplot figure of association/dissociation, curves 
of different concentrations purified, monomeric scFv 1C3 
binding to hDlD2 -CaM observed by biosensor. 

Figure 19B: Fastfit figure showing Kon vs. [scFv] , used to 
calculate K D for 1C3 . Data were obtained from the experiment 
shown in Figure 19A. 

Figure 19C: Fastplot figure of association/dissociation curves 
of different concentrations purified, monomeric scFv 10B12 
binding to hDlD2 -CaM observed by biosensor. 
Figure 19D: Fastfit figure showing Kon vs. [scFv] , used to 
calculate K D for 10B12. Data were obtained from the experiment 
shown in Figure 19C. 

Figure 2 0 

The effects of different, purified antibodies (scFv 10B12 and 
monoclonal antibody 6F1 (recognising the I -domain of integrin 
oc2)) on the adhesion of platelets to collagen was observed by 
the platelet adhesion assay. HBS = HEPES buffered saline, PD 
collagen 1 = pepsin digested, soluble collagen 1. Ethicon and 
GPP - GFOGER as described herein. 

Figure 21 

The effects of different concentrations of purified scFv 10B12 
on adhesion of platelets to CRP was observed by the platelet 
adhesion assay. 

Figure 22 

After preincubation with hDlD2 -His (at concentrations from 1 
to 300 /ig/ml) , the binding of purified _scFvs 1C3 , 10B12 (at 20 
Mg/ml) to platelets was observed by flow cytometry. Each point 
represents the median fluorescence intensity of 10000 events. 
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Figure 23 

The effects of purified scFvs on adhesion and activation of 
platelets in whole blood was observed using a perfusion assay. 
Blood obtained from 6 separate donors was drawn over collagen- 
coated coverslips in the presence of scFvs 10B12, 1C3 and 2D4 
(anti HLA-A2/A28 and related structures) at 50/ig/ml . The 
surface area covered by adherent platelets was later 
quantified by image analysis, being expressed as a percentage 
of the total surface area sampled. At least twenty distinct 
fields were sampled from each coverslip. Bars represent the 
mean coverage of three separate coverslips. Donors 2 and 3 are 
positive for HLA-A2 and would be bound by scFv 2D4 . Donors 4-6 
are HLA-A2 negative and would not be bound by 2D4 . The HLA 
type of Donor 1 is uncertain. 

Figure 24 

Binding of scFvs 10B12 and 1C3 to hDlD2 and mutants by ELISA. 
Figure 24A: Binding of 10B12 to hDlD2 (closed squares), RH7 P 
(open squares) , R166S (open circles) , K59E (closed circles) 
and triple mutant (closed, inverted triangles) . 
Figure 24B: Binding of 1C3 to the antigens as represented in 
Figure 24A. 

Points represent mean + SD of triplicate wells in one 
experiment, representative of two identical experiments. 

Figure 2 5 

The effects of purified scFv 10B12 on the response of 
platelets to agonists other than collagen were assessed by 
platelet aggregometry in plasma. ScFv 10B12 was added at 
50/xg/ml (final) and incubated for 5 minutes before addition of 
agonists. The samples were incubated for a further 5 minutes 
and the % aggregation recorded. Each bar represents the mean + 
SD for tests performed on 3 donors. The concentrations of 
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agonist used were: Collagen fibres, (l/ig/ml) , adenosine 5'- 
diphosphate (ADP) (5/xM) , U46619 (5(xM) , thrombin receptor 
activating peptide (TRAP) (10/xM) , epinephrine (EPI) (4/iM) . 

Figure 2 6 

This shows the effect of increasing concentrations of 10B12 on 
the deposition of platelets under flow, measured as surface 
coverage (filled squares) or as phosphatidyl -serine (PS) 
expressing surface (open circles) : The decline in surface 
coverage was not significant, whereas the reduction in PS- 
expression was statistically significant . (p < .01), indicating 
the capacity of 10B12 to inhibit collagen- stimulated 
procoagulant activity. 

Figure 2 7 

This shows the effect of preincubation of blood with 10B12 
(50/xg/ml) on the distribution of platelet aggregate sizes 
deposited on collagen fibres under flow. 

Figure 27A shows data from Control collagen surfaces, figures 
beneath the histogram representing the number of platelets per 
category, whose frequency is shown on the y axis. 
Figure 27B shows "data obtained after 10B12 treatment, which 
abolished the occurrence of large aggregates, shifting the 
distribution significantly towards single platelets. 
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In one aspect, the present invention 'provides a specific 
binding member which binds human GPVI and which comprises the 
10B12 VH domain (SEQ ID NO. 2) and/or the 10B12 VL domain (SEQ 
ID NO. 4) 

Generally', a VH domain is paired with a VL domain to provide 
an antibody antigen binding site, although as discussed 
further below a VH domain alone may be used to bind antigen. 
In one preferred embodiment, the 10B12 VH domain (SEQ ID NO. 
2) is paired with the 10B12 VL domain (SEQ ID NO. 4) , so that 

— — -M 

an antibody antigen binding site is formed comprising both the 
10B12 VH and VL domains. In other embodiments, the 10B12 VH 
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is paired with a VL domain other than the 10B12 VL. Light - 
chain promiscuity is well established in the art. 

One or more CDRs may be taken from the 10B12 VH or VL domain 
and incorporated into a suitable framework. This is discussed 
further below. 10B12 VH CDR's 1, 2 and 3 are shown in SEQ ID 
NO.'s 5, 6 and 7, respectively. 10B12 VL CDR's 1, 2 and 3 are 
shown in SEQ ID NO.'s 8, 9 and 10, respectively. 

Variants of the VH and VL domains and CDRs of which the 
sequences are set out herein and which can be employed in 
specific binding members for human GPVI can be obtained by 
means of methods of sequence alteration or mutation and 
screening. Such methods are also provided by the present 
invention. 

Variable domain amino acid sequence variants of any of the VH 
and VL domains whose sequences are specifically disclosed 
herein may be employed in accordance with the present 
invention, as discussed. Particular variants may include one 
or more amino acid sequence alterations (addition, deletion, 
substitution and/or insertion of an amino acid residue) , maybe 
less than about 20 alterations, less than about 15 
alterations, less than about 10 alterations or less than about 
5 alterations, 4, 3, 2 or 1 . Alterations may be made in one 
or more framework regions and/or one or more CDR's. 

A specific binding member according to the invention may be 
one which competes for binding to antigen with any specific 
binding member which both binds the antigen and comprises a 
specific binding member, VH and/or VL domain disclosed herein, 
or VH CDR3 disclosed herein, or variant of any of these. 
Competition between binding members may be assayed easily in 
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vitro, for example using EL1SA and/or by tagging a specific 
reporter molecule to one binding member which can be detected 
in the presence of other untagged binding member (s) , to enable 
identification of specific binding members which bind the same 
epitope or an overlapping epitope. 

Thus, a further aspect of the present invention provides a 
specific binding member comprising a human antibody antigen- 
binding site which competes with 10B12 or 1G3 for binding to 
human GPVI . 

Various methods are available in the art for obtaining 
antibodies against human- GPVI and which may compete with 10B12 
or 1C3 for binding to human GPVI . 

As noted, the epitope recognised by 10B12 contains residues in 
domain 1 of GPVI . 1C3 does not bind domain 1 and recognises 
an epitope that allows for its cross-reactivity between human 
and murine GPVI. The epitope of 10B12 is not that of 1C3 . 

In a further aspect, the present invention provides a method 
of obtaining one or more specific binding members able to bind 
the antigen, the method including bringing into contact a 
library of specific binding members according to the invention 
and said antigen, and selecting one or more specific binding 
members of the library able to bind said antigen. 

The library may be displayed on the surface of bacteriophage 
particles, each particle containing nucleic acid encoding the 
antibody VH variable domain displayed on its surface, and 
optionally also a displayed VL domain if present. 
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Following selection of specific binding members able to bind 
the antigen and displayed on bacteriophage particles, nucleic 
acid may be taken from a bacteriophage particle displaying a 
said selected specific binding member. Such nucleic acid may 
be used in subsequent production of a specific binding member 
or an antibody VH variable domain (optionally an antibody VL 
variable domain) by expression from nucleic acid with the 
sequence of nucleic acid taken from a bacteriophage particle 
displaying a said selected specific binding member. 

An antibody VH variable domain with the amino acid sequence of 
an antibody VH variable domain of a said selected specific 
binding member may be provided in isolated form, as may a 
specific binding member comprising such a VH domain. 

Ability to bind human GPVI may be further tested, also ability 
to compete with 10B12 or 1C3 for binding to human GPVI. 
Ability to antagonise action of GPVI may be tested, as 
discussed further below. 

A specific binding member according to the present invention 
may bind human GPVI with the affinity of 10B12 or 1C3 . 

A specific binding member according to the present invention 
may inhibit collagen- induced platelet aggregation and/or the 
adhesion of platelets to Collagen-Related Peptide (CRP) with 
the potency of 10B12. 

Platelet adhesion to collagen and collagen-like molecules 
(including e.g. CRP and GFOGER-GPP) may_t>e assessed under 
static conditions and/or under conditions of flow, e.g. where 
whole blood is perfused over a collagen-coated surface, such 
that shear rate experienced by platelets compares to that 
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experienced in human circulation, for example a shear rate of 
1600 S" 1 . 

In a static adhesion assay, a platelet suspension is incubated 
without agitation in wells pre-coated with a collagen-like 
molecule. In this case direct adhesion of platelets to CRP, 
entirely via GPVI , can be observed. 

In a perfusion assay for assessment under conditions of flow, 
whole blood may be caused to flow over a surface pre-coated 
with such collagen like molecules, such that the shear rate 
experienced by the platelets in contact with that surface is 
comparable with that which would be experienced in the human 
arterial circulation. Under these conditions direct adhesion 
via GPVI cannot occur (Verkleij et al 1998) , therefore 
adhesion is through other receptors, in particular a2pi. The 
effect of GPVI blockade with anti-GPVI antibody molecule is 
therefore to suppress platelet activation, a necessary 
prerequisite for adhesion via other receptors. 

A most pronounced effect of GPVI blockade in this system may 
be observed under the conditions used in the perfusion assay 
described herein (with reference to Figure 23) , in particular 
with respect to the type of collagen used (human type III) and 
the shear rate employed (1600s" 1 ) . 

Binding affinity and neutralisation potency of different 
specific binding members can be compared under appropriate 
conditions . 

A specific binding member according to the present invention 
may inhibit the expression of procoagulant activity on the 
extracellular surface of platelets exposed to collagen, for 
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instance when adhering to a collagen-containing surface. 
Procoagulant activity may be represented by phosphatidyl 
serine exposure, which can be measured by the binding of 
Annexin-V, for instance in the advance perfusion assay 
5 described herein with reference to Figure 26. 

In addition to antibody sequences, a specific binding member 
according to the present invention may comprise other amino 
acids, e.g. forming a peptide or polypeptide, such as a folded 
0 domain, or to impart to the molecule another functional 
characteristic in addition to ability to bind antigen. 
Specific binding members of the invention may carry a 
detectable label, or may be conjugated to a toxin or enzyme 
(e.g. via a peptidyl bond or linker) . 

5 

In further aspects, the invention provides an isolated nucleic 
acid which comprises a sequence encoding a specific binding 
member, VH domain and/or VL domain according to the present 
invention, and methods of preparing a specific binding member, 
) a VH domain and/or a VL domain of the invention, which 

comprise expressing said nucleic acid under conditions to 
bring about production of said specific binding member, VH 
domain and/or VL domain, and recovering it. 

• Specific binding members according to the invention may be 
used in a method of treatment or diagnosis of the human or 
animal body, such as a method of treatment (which may include 
prophylactic treatment) of a disease or disorder in a human 
patient which comprises administering to said patient an 
effective amount of a specific binding member of the 
invention. Conditions treatable in accordance with the 
present invention include those discussed elsewhere herein. 
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A further aspect of the present invention provides nucleic 
acid, generally isolated, encoding an antibody VH variable 
domain and/or VL variable domain disclosed herein. 

Another aspect of the present invention provides nucleic acid, 
generally isolated, encoding a VH CDR or VL CDR sequence 
disclosed herein, especially a VH CDR selected from SEQ ID 
NO.'s 5, 6 and 7 or a VL CDR selected from SEQ ID NO . 7 s 8 , 9 
and 10, most preferably 10B12 VH CDR3 (SEQ ID NO. 7) . 

A further aspect provides a host cell transformed with nucleic 
acid of the invention. 

A yet further aspect provides a method of production of an 
antibody VH variable domain, the method including causing 
expression from encoding nucleic acid. Such a method may 
comprise culturing host cells under conditions for production 
of said antibody VH variable domain. 

Analogous methods for production of VL variable domains and 
specific binding members comprising a VH and/or VL domain are 
provided as further aspects of the present invention. 

A method of production may comprise a step of isolation and/or 
purification of the product . 

A method of production may comprise formulating the product 
into a composition including at least one additional 
component, such as a pharmaceutically acceptable excipient. 

These and other aspects of the invention are described in 
further detail below. 
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TERMINOLOGY 



Specific binding member 

This describes a member of a pair of molecules which have 
binding specificity for one another. The members of a 
specific binding pair may be naturally derived or wholly or 
partially synthetically produced. One member of the pair of 
molecules has an area on its surface, or a cavity, which 
specifically binds to and is therefore complementary to a 
particular spatial and polar organisation of the other member 
of the pair of molecules. Thus the members of the pair have 
the property of binding specifically to each other. Examples 
of types of specific binding pairs are antigen -antibody, 
biotin-avidin, hormone -hormone receptor, receptor- ligand, 
enzyme -substrate. This application is concerned with 
antigen-antibody type reactions. 

Antibody molecule 

This describes an immunoglobulin whether natural or partly or 
wholly synthetically produced. The term also covers any 
polypeptide or protein comprising an antibody binding domain. 
Antibody fragments which comprise an antigen binding domain 
are such as Fab, scFv, Fv, dAb, Fd; and diabodies . 

It is possible to take monoclonal and other antibodies and use 
techniques of recombinant DNA technology to produce other 
antibodies or chimeric molecules which retain the specificity 
of the original antibody. Such techniques may involve 
introducing DNA encoding the immunoglobulin variable region, 
or the complementarity determining regions (CDRs) , of an 
antibody to the constant regions, or constant regions plus 
framework regions, of a different immunoglobulin. See, for 
instance, EP-A-184187, GB 2188638A or EP-A-239400. A 
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hybridoma or other cell producing an antibody may be subject 
to genetic mutation or other changes, which may or may not 
alter the binding specificity of antibodies produced. 

As antibodies can be modified in a number of ways, the term 
"antibody molecule" should be construed as covering any 
specific binding member or substance having an antibody 
antigen-binding domain with the required specificity. Thus, 
this term covers antibody fragments and derivatives, including 
any polypeptide comprising an immunoglobulin binding domain, 
whether natural or wholly or partially synthetic. Chimeric 
molecules comprising an immunoglobulin binding domain, or 
equivalent, fused to another polypeptide are therefore 
included. Cloning and expression of chimeric antibodies are 
described in EP-A-0120694 and EP-A- 0125023 . 

It has been shown that fragments of a whole antibody can 
perform the function of binding antigens. Examples of binding 
fragments are (i) the Fab fragment consisting of VL, VH, CL 
and CHI domains; (ii) the Fd fragment consisting of the VH and 
CHI domains; (iii) the Fv fragment consisting of the VL and VH 
domains of a single antibody; (iv) the dAb fragment (Ward, 
E.S. et al., Nature 341, 544-546 (1989)) which consists of a 
VH domain; (v) isolated.CDR regions; (vi) F(ab')2 fragments, a 
bivalent fragment comprising two linked Fab fragments (vii) 
single chain Fv molecules (scFv) , wherein a VH domain and a VL 
domain are linked by a peptide linker which allows the two 
domains to associate to form an antigen binding site (Bird et 
al, Science, 242, 423-426, 1988; Huston et al, PNAS USA, 85, 
5879-5883, 1988); (viii) bispecific single chain Fv dimers 
(PCT/US92/09965) and (ix) "diabodies", multivalent or 
multispecif ic fragments constructed by gene fusion 
(WO94/13804; P. Holliger et al , Proc, Natl. Acad. Sci . USA 90 
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6444-6448, 1993) . Fv, scFv or diabody molecules may be 
stabilised by the incorporation of disulphide bridges linking 
the VH and VL domains (Y. Reiter et al, Nature Biotech, 14, 
1239-1245, 1996). Minibodies comprising a scFv joined to a 
CH3 domain may also be made (S. Hu et al , Cancer Res., 56, 
3055-3061, 1996) . 

Where bispecific antibodies are to be used, these may be 
conventional bispecific antibodies, which can be manufactured 
in a variety of ways (Holliger, P. and Winter G. Current 
Opinion Biotechnol. 4, 446-449 (1993)), e.g. prepared 
chemically or from hybrid hybridomas, or may be any of the 
bispecific antibody fragments mentioned above. Diabodies and 
scFv can be constructed without an Fc region, using only 
variable domains, potentially reducing the effects of anti- 
idiotypic reaction. 

Bispecific diabodies, as opposed to bispecific whole 
antibodies, may also be particularly useful because they can 
be readily constructed and expressed in E.coli. Diabodies 
(and many other polypeptides such as antibody fragments) of 
appropriate binding specificities can be readily selected 
using phage display (WO94/13804) from libraries. If one arm 
of the diabody is to be kept constant, for instance, with a 
specificity directed against GPVI, then a library can be made 
where the other arm is varied and an antibody of appropriate 
specificity selected. Bispecific whole antibodies may be made 
by knobs -into-holes engineering (J. b. B. Ridgeway et al, 
Protein Eng., 9, 616-621, 1996). 

Antigen binding domain 

This describes the part of an antibody molecule which 
comprises the area which specifically binds to and is 
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complementary to part or all of an antigen. Where an antigen 
is large, an antibody may only bind to a particular part of 
the antigen, which part is termed an epitope. An antigen 
binding domain may be provided by one or more antibody 
variable domains (e.g. a so-called Fd antibody fragment 
consisting of a VH domain) . Preferably, an antigen binding 
domain comprises an antibody light chain variable region (VL) 
and an antibody heavy chain variable region (VH) . 

Specific 

This may be used to refer to the situation in which one member 
of a specific binding pair will not show any significant 
binding to molecules other than its specific binding 
partner (s) . The term is also applicable where e.g. an antigen 
binding domain is specific for a particular epitope which is 
carried by a number of antigens, in which case the specific 
binding member carrying the antigen binding domain will be 
able to bind to the various antigens carrying the epitope. 

Typically, specificity may be determined by means of a binding 
assay such as ELISA employing a panel of antigens, e.g. as 
disclosed herein with reference to Figure 1. A specific 
binding member according to the present invention may 
recognise GPVI on cells of the platelet /megakaryocyte lineage, 
and not other human blood cells, in particular granulocytes, 
lymphocytes and erythrocytes. Reactivity of a specific 
binding member according to the invention with human platelets 
may be abolished by competition with recombinant GPVI. 

Specificity may also be confirmed by means of comparison 
between the effective inhibitory dose in a collagen-binding 
assay such as platelet aggregometry conducted in plasma or 
whole blood perfusion and saturable binding of washed 
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platelets in flow cytometry. Results obtained for 10B12, for 
example, show comparable effective inhibitor doses indicating 
that other blood constituents had no significant effect on the 
binding of 10B12 to hGPVI . 

Comprise 

This is generally used in the sense of include, that is to say 
permitting the presence of one or more features or components. 

Isolated 

This refers to the state in which specific binding members of 
the invention, or nucleic acid encoding such binding members, 
will generally be in accordance with the present invention. 
Members and nucleic acid will be free or substantially free of 
material with which they are naturally associated such as 
other polypeptides or nucleic acids with which they are found 
in their natural environment, or the environment in which they 
are prepared (e.g. cell culture) when such preparation is by 
recombinant DNA technology practised in vitro or in vivo. 
Members and nucleic acid may be formulated with diluents or 
adjuvants and still for practical purposes be isolated - for 
example the members will normally be mixed with gelatin or 
other carriers if used to coat microtitre plates for use in 
immunoassays, or will be mixed with pharmaceutical ly 
acceptable carriers or diluents when used in diagnosis or 
therapy. Specific binding members may be glycosylated, either 
naturally or by systems of heterologous eukaryotic cells (e.g. 
CHO or NSO (ECACC 85110503) cells, or they may be (for example 
if produced by expression in a prokaryotic cell) 
unglycosylated . 

By "substantially as set out" it is meant that the relevant 
CDR or VH or VL domain of the invention will be either 
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identical or highly similar to the specified regions of which 
the sequence is set out herein. By "highly similar" it is 
contemplated that from 1 to 5, preferably from 1 to 4 such as 
1 to 3 or 1 or 2, or 3 or 4 , amino acid substitutions may be 
made in the CDR and/or VH or VL domain. 

The structure for carrying a CDR of the invention will 
generally be of an antibody heavy or light chain sequence or 
substantial portion thereof in which the CDR is located at a 
location corresponding to the CDR of naturally occurring VH 
and VL antibody variable domains encoded by rearranged 
immunoglobulin genes . The structures and locations of 
immunoglobulin variable domains may be determined by reference 
to (Kabat, E.A. et al, Sequences of Proteins of Immunological 
Interest. 4th Edition. US Department of Health and Human 
Services. 1987, and updates thereof, now available on the 
Internet (http://immuno.bme.nwu.edu or find "Kabat " using any 
search engine) . 

Preferably, a CDR amino acid sequence substantially as set out 
herein is carried as a CDR in a human variable domain or a 
substantial portion thereof. The VH CDR3 sequences 
substantially as set out herein represent preferred 
embodiments of the present invention and it is preferred that 
each of these is carried as a VH CDR3 in a human heavy chain 
variable domain or a substantial portion thereof. 

Variable domains employed in the invention may be obtained 
from any germ-line or rearranged human variable domain, or may 
be a synthetic variable domain based on consensus sequences of 
known human variable domains . A CDR sequence of the invention 
(e.g. CDR3) may be introduced into a repertoire of variable 
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domains lacking a CDR (e.g. CDR3), using recombinant DNA 
technology. 

For example, Marks et al (Bio/Technology, 1992, 10 : 779-783) 
5 describe methods of producing repertoires of antibody variable 
domains in which consensus primers directed at or adjacent to 
the 5' end. of the variable domain area are used in conjunction 
with consensus primers to the third framework region of human 
VH genes to provide a repertoire of VH variable domains 
10 lacking a CDR3 . Marks et al further describe how this 
repertoire may be combined with a CDR3 of a particular 
antibody. Using analogous techniques, the CDR3 -derived 
sequences of the present invention may be shuffled with 
repertoires of VH or VL domains lacking a CDR3 , and the 
shuffled complete VH or VL domains combined with a cognate VL 
or VH domain to provide specific binding members of the 
invention. The repertoire may then be displayed in a suitable 
host system such as the phage display system of WO92/01047 so 
that suitable specific binding members may be selected. A 
repertoire may consist of from anything from 10 4 individual 
members upwards, for example from 10 s to 10 8 or 10 10 members. 

Analogous shuffling or combinatorial techniques are also 
disclosed by Stemmer (Mature, 1994, 370:389-391), who 
describes the technique in relation to a (3-lactamase gene but 
observes that the approach may be used for the generation of 
antibodies . 
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A further alternative is to generate novel VH or.VL regions 
carrying a CDR-derived sequences of the^invention using random 
mutagenesis of one or more selected VH and/or VL genes to 
generate mutations within the entire variable domain. Such a 
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technique is described by Gram et al (1992, Proc. Natl. Acad. 
Sci., USA, 82:3576-3580), who used error-prone PCR. 

Another method which may be used is to direct mutagenesis to 
CDR regions of VH or VL genes. Such techniques are disclosed 
by Barbas et al ,. (1994, Proc. Natl. Acad. Sci., USA, 91:3809- 
3813) and Schier et al (1996, J". Mol . Biol. 263:551-567). 

All the above described techniques are known as such in the 
art and in themselves do not form part of the present 
invention. The skilled person will be able to use such 
techniques to provide specific binding members of the 
invention using routine methodology in the art. 

A further aspect of the invention provides a method for 
obtaining an antibody antigen-binding domain specific for 
human GPVI antigen, the method comprising providing by way of 
addition, deletion, substitution or insertion of one or more 
amino acids in the amino acid sequence of a VH domain set out 
herein a VH domain which is an amino acid sequence variant of 
the VH domain, optionally combining the VH domain thus 
provided with one or more VL domains, and testing the VH 
domain or VH/VL combination or combinations for to identify a 
specific binding member or an antibody antigen binding domain 
specific for human GPVI and optionally with one or more of 
preferred properties, preferably ability to inhibit collagen- 
induced platelet aggregation and/or the adhesion of platelets 
to Collagen-Related Peptide (CRP) , or ability to specifically 
detect GPVI without inhibiting such collagen recognition. 
Said VL domain may have an amino acid sequence which is 
substantially as set out herein. 
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An analogous method may be employed in which one or more 
sequence variants of a VL domain disclosed herein are combined 
with one or more VH domains. 

A further aspect of the invention provides a method of 
preparing a specific binding member specific for human GPVI, 
which method comprises: 

(a) providing a starting repertoire of nucleic acids 
encoding a VH domain which either include a CDR3 to be 
replaced or lack a CDR3 encoding region; 

(b) combining said repertoire with a donor nucleic acid 
encoding an amino acid sequence substantially as set out 
herein for a VH CDR3 such that said donor nucleic acid is 
inserted into the CDR3 region in the repertoire, so as to 
provide -a product repertoire of nucleic acids encoding a VH 
domain; 

(c) expressing the nucleic acids of said product 
repertoire; 

(d) selecting a specific binding member specific for a 
GPVI; and 

(e) recovering said specific binding member or nucleic 
acid encoding it. 

Again, an analogous method may be employed in which a VL CDR3 
of the invention is combined with a repertoire of nucleic 
acids encoding a VL domain which either include a CDR3 to be 
replaced or lack a CDR3 encoding region. 

Similarly, one or more, or all three CDRs may be grafted into 
a repertoire of VH or VL domains which are then screened for a 
specific binding member or specific binding members specific 
for GPVI . 
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A substantial portion of an immunoglobulin variable domain 
will comprise at least the three CDR regions, together with 
their intervening framework regions. Preferably, the portion 
will also include at least about 50% of either or both of the 
first and fourth framework regions, the 50% being the C- 
terminal 50% of the first framework region and the N- terminal 
50% of the fourth framework region. Additional residues at 
the N-terminal or C-terminal end of the substantial part of 
the variable domain may be those not normally associated with 
naturally occurring variable domain regions. For example, 
construction of specific binding members of the present 
invention made by recombinant DNA techniques may result in the 
introduction of N- or C-terminal residues encoded by linkers 
introduced to facilitate cloning or other manipulation steps. 
Other manipulation steps include the introduction of linkers 
to join variable domains of the invention to further protein 
sequences including immunoglobulin heavy chains, other 
variable domains (for example in the production of diabodies) 
or protein labels as discussed in more details below. 

Although in a preferred aspect of the invention specific 
binding members comprising a pair of VH and VL domains are 
preferred, single binding domains based on either VH or VL 
domain sequences form further aspects of the invention. It is 
known that single immunoglobulin domains, especially VH 
domains, are capable of binding target antigens in a specific 
manner . 

In the case of either of the single chain specific binding 
domains, these domains may be used to screen for complementary 
domains capable of forming a two-domain specific binding 
member able to bind GPVI . 
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This may be achieved by phage display screening methods using 
the so-called hierarchical dual combinatorial approach as 
disclosed in WO92/01047 in which an individual colony 
containing either an H or L chain clone is used to infect a 
complete library of clones encoding the other chain (L or H) 
and the resulting two-chain specific binding member is 
selected in accordance with phage display techniques such as 
those described in that reference. This technique is also 
disclosed in Marks et al, ibid. 

Specific binding members of the present invention may further 
comprise antibody constant regions or parts thereof. For 
example, a VL domain may be attached at its C- terminal end to 
antibody light chain constant domains including human Ck or CA 
chains, preferably CX chains. Similarly, a specific binding 
member based on a VH domain may be attached at its C-terminal 
end to all or part of an immunoglobulin heavy chain derived 
from any antibody isotype, e.g. igG, IgA, IgE and IgM and any 
of the isotype sub-classes, particularly IgGl and IgG4 . IgG4 
is preferred. Fc regions such as Anab and Anac as disclosed 
in W099/58572 may be employed. 

Specific binding members of the invention may be labelled with 
a detectable or functional label. Detectable labels include 
radiolabels such as 131 I or 99 Tc, which may be attached to 
antibodies of the invention using conventional chemistry known 
in the art of antibody imaging. Labels also include enzyme 
labels such as horseradish peroxidase. Labels further include 
chemical moieties such as biotin which may be detected via 
binding to a specific cognate detectable moiety, e.g. labelled 
avidin. 
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Specific binding members of the present invention are designed 
to be used in methods of diagnosis or treatment in human or 
animal subjects, preferably human. 

Accordingly, further aspects of the invention provide methods 
of treatment comprising . administration of a specific binding 
member as provided, pharmaceutical compositions comprising 
such a specific binding member, and use of such a specific 
binding member in the manufacture of a medicament for 
administration, for example in a method of making a medicament 
or pharmaceutical composition comprising formulating the 
specific binding member with a pharmaceutically acceptable 
excipient . 

Clinical indications in which an anti-GPVI antibody may be 
used to provide therapeutic benefit include any condition in 
which collagen recognition by GPVI has pathological 
consequences, for example in cardiovascular conditions such as 
thrombosis, including for example arterial thrombosis 
occurring in blood vessel wall disease (e.g. coronary artery 
thrombosis, which causes myocardial infarction) . Similar 
thrombotic processes may occur in other serious conditions at 
diverse anatomical locations, for instance in the cerebral 
vasculature, leading to stroke, or in the peripheral 
extremities. In the latter case for instance, patients with 
intermittent claudication may be treated. Antibody- mediated 
blockade of GPVI may be used and be beneficial during 
therapeutic procedures which induce damage to the blood vessel 
wall, for instance vascular surgery. Examples of vascular 
surgery may include, but are not limited^ to, coronary artery 
bypass grafting, balloon angioplasty and stenting. In other, 
unrelated disease processes, circulating platelets may be 
exposed to collagens where they may contribute to local 
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thrombotic effects and to the inflammatory processes which 
ensue. An example of the latter occurs in hepatitis where the 
hepatic circulation is compromised by the disease. In addition 
diseases of generalised platelet activation such as 
thrombocytopenic purpura and haemolytic uraemic syndrome and 
other clinical conditions with disseminated intravascular 
coagulation may be ameliorated. Furthermore multi -organ damage 
because of arterial insufficiency in patients with homozygous 
sickle disease may be beneficially affected by inhibiting the 
activation of platelets via GPVI . Similarly kidney damage by 
platelet and fibrin disposition on the glomerular membrane and 
other conditions such as micro-angiopathic vasculitides may be 
treated by antibody-mediated GPVI blockade. 

Anti-GPVI treatment in accordance with the present invention 
may be used to provide clear benefit for patients with 
cardiovascular disease, especially those who have undergone 
corrective vessel surgery or angioplasties with or without 
stenting. Anti-GPVI treatment may be given by injection 
(e.g. intravenously) or by local delivery methods (e.g. pre- 
coating of stents or other indwelling devices) . Anti-GPVI may 
be delivered by gene-mediated technologies. Alternative 
formulation strategies may provide preparations suitable for 
oral or suppository route. The route of administration may be 
determined by the physicochemical characteristics of the 
treatment, by special considerations for the disease, to 
optimise efficacy or to minimise side-effects. 

GPVI deficiency is only associated with a mild bleeding 
phenotype in humans (Moroi et al, 1989) _ and mice (Nieswandt et 
al 2001b), and GPVI has limited cellular" distribution. This 
allows for anti-GPVl treatment highly suitable for use in 
combination treatments, where a significant synergistic effect 
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is likely. For example, platelet activation by primary stimuli 
such as collagen binding to GPVI may be powerfully amplified 
by products or factors secreted from the platelet during the 
activation process, or produced at the platelet surface after 
activation. Thus, more complete inhibition of platelet 
function may be achieved by blockade of GPVI together with 
antagonism of the amplification processes. Agents useful for 
this purpose might include inhibitors of the thromboxane 
pathway such as aspirin, inhibitors of the ADP pathway such as 
clopidogrel or ADP receptor antagonists, and inhibitors of 
thrombin such as heparin or hirudin. 

In accordance with the present invention, compositions 
provided may be administered to individuals. Administration 
is preferably in a "therapeutically effective amount", this 
being sufficient to show benefit to a patient. Such benefit 
may be at least amelioration of at least one symptom. The 
actual amount administered, and rate and time -course of 
administration, will depend on the nature and severity of what 
is being treated. Prescription of treatment, e.g. decisions 
on dosage etc, is within the responsibility of general 
practitioners and other medical doctors. Appropriate doses of 
antibody are well known in the art; see Ledermann J. A. et al . 
(1991) Int. J. Cancer 47: 659-664; Bagshawe K.D. et al . (1991) 
Antibody, Immunoconj ugates and Radiopharmaceuticals 4: 915- 
922 . 

The precise dose will depend upon a number of factors, 
including whether the antibody is for diagnosis or for 
treatment, the size and location of the area to be treated, 
the precise nature of the antibody (e.g. whole antibody, 
fragment or diabody) , and the nature of any detectable label 
or other molecule attached to the antibody. A typical antibody 
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dose will be in the range 0 . 5mg - l.Og, and this may be 
administered as a bolus intravenously. Other modes of 
administration include intravenous infusion over several 
hours, to achieve a similar total cumulative dose. This is a 
dose for a single treatment of an adult patient, which may be 
proportionally adjusted for children and infants, and also 
adjusted for other antibody formats in proportion to molecular 
weight. Treatments may be repeated at daily, twice-weekly, 
weekly or monthly intervals, at the discretion of the 
physician. 

A further mode of administration employs precoating of, or 
otherwise incorporation into, indwelling devices, for which 
the optimal amount of antibody will be determined by means of 
appropriate experiments . 

An antibody molecule in some preferred embodiments of the 
invention is a monomeric fragment, such as F(ab) or scFv. Such 
antibody fragments may have the advantage of a relatively 
short half life and less risk of platelet activation, which 
may be caused by receptor clustering. Clustering which gives 
rise to platelet activation could be either of GPVI molecules 
or of GPVI with FcyRII molecules, for instance. 

If a whole antibody, is used, it is preferably in a form that 
is unable to activate and/or destroy platelets. The IgG4 
isotype or alternatively "designer" isotypes derived from the 
IgGl backbone (novel Fc gene constructs W099/58572, Clark, 
Armour, Williamson) are preferred choices. Smaller antibody 
fragments may be used, such as F(ab')2. In addition, whole 
antibodies or fragments (e.g. F(ab')2 or diabodies) with dual 
epitope specificity (e.g. for the epitopes recognised by scFv 
10B12 and/or scFv 1C3) may be used. Although such an 
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embodiment may promote receptor clustering, a high association 
rate to individual receptors may rule out this problem. 

Specific binding members of the present invention will usually 
5 be administered in the form of a pharmaceutical composition, 
which may comprise at least one component in addition to the 
specific binding member. 



Thus pharmaceutical compositions according to the present 
10 invention, and for use in accordance with the present 

invention, may comprise, in addition to active ingredient, a 
pharmaceutical ly acceptable excipient, carrier, buffer, 
stabiliser or other materials well known to those skilled in 
the art. Such materials should be non-toxic and should not 
15 interfere with the efficacy of the active ingredient. The 

precise nature of the carrier or other material will depend on 
the route of administration, which may be oral, or by 
injection, e.g. intravenous. 

20 Pharmaceutical compositions for oral administration may be in 
tablet, capsule, powder or liquid form. A tablet may comprise 
a solid carrier such as gelatin or an adjuvant. Liquid 
pharmaceutical compositions generally comprise a liquid 
carrier such as water, petroleum, animal or vegetable oils, 

25 mineral oil or synthetic oil. Physiological saline solution, 
dextrose or other saccharide solution or glycols such as 
ethylene glycol, propylene glycol or polyethylene glycol may 
be included. 



30 For intravenous injection, or injection^at the site of 

affliction, the active ingredient will be in the form of a 
parenterally acceptable aqueous solution which is pyrogen- free 
and has suitable pH, isotonicity and stability. Those of 
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relevant skill in the art are well able to prepare suitable 
solutions using, for example, isotonic vehicles such as Sodium 
Chloride Injection, Ringer 1 s Injection, Lactated Ringer's 
Injection. Preservatives, stabilisers, buffers, antioxidants 
and/or other additives may be included, as required. 

A composition may include a stent or other indwelling device, 

A composition may be administered alone or in combination with 
other treatments, either simultaneously or sequentially 
dependent upon the condition to be treated. Other treatments 
may include the administration of suitable doses of pain 
relief drugs such as non-steroidal ant i- inflammatory drugs 
(e.g. asprin, paracetamol, ibuprofen or ketoprofen) or opiates 
such as morphine, or anti-emetics. 

The present invention provides a method comprising causing or 
allowing binding of a ispecific binding member as provided 
herein to GPVI . As noted, such binding may take place in 
vivo, e.g. following administration of a specific binding 
member, or nucleic acid encoding a specific binding member, or 
it may take place in vitro, for example in ELISA, Western 
blotting, immunocytochemistry , immuno-precipitat ion or 
affinity chromatography. 

In employing 10B12 and 1C3 for the detection of GPVI as 
disclosed herein, use may be made of the ability of each scFv • 
to bind independently to GPVI. This capacity may be employed, 
for instance, to produce a signal only when both scFvs bind to 
GPVI (e.g. by fluorescent resonance energy transfer or by 
sandwich ELISA where one scFv is used to capture GPVI and the 
other is used to detect GPVI) . It may also be employed to 
produce a cumulative signal (e.g. where both scFvs are - 
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attached to the same reporter molecule and GPVI is immobilised 
by another means) . 

The amount of binding of specific binding member to GPVI may- 
be determined. Quantitation may be related to the amount of 
the antigen in a test sample, which may be of diagnostic 
interest . 

The reactivities of antibodies on a sample may be determined 
by any appropriate means. Radioimmunoassay (RIA) is one 
possibility. Radioactive labelled antigen is mixed with 
unlabelled antigen (the test sample) and allowed to bind to 
the antibody. Bound antigen is physically separated from 
unbound antigen and the amount of radioactive antigen bound to 
the antibody determined. The more antigen there is in the 
test sample the less radioactive antigen will bind to the 
antibody. A competitive binding assay may also be used with 
non-radioactive antigen, using antigen or an analogue linked 
to a reporter molecule. The reporter molecule may be a 
fluorochrome, phosphor or laser dye with spectrally isolated 
absorption or emission characteristics. Suitable 
f luorochromes include fluorescein, rhodamine, phycoerythrin 
and Texas Red. Suitable chromogenic dyes include 
diaminobenzidine . 

Other reporters include macromolecular colloidal particles or 
particulate material such as latex beads that are coloured, 
magnetic or paramagnetic, and biologically or chemically 
active agents that can directly or indirectly cause detectable 
signals to be visually observed, electronically detected or 
otherwise recorded. These molecules may be enzymes which 
catalyse reactions that develop or change colours or cause 
changes in electrical properties, for example. They may be 



WO 03/054020 



42 



PCT/GB02/05755 



molecularly excitable, such that electronic transitions 
between energy states result in characteristic spectral 
absorptions or emissions. They may include chemical entities 
used in conjunction with biosensors. Biot in/avidin or 
biotin/streptavidin and alkaline phosphatase detection systems 
may be employed. 

The signals generated by individual antibody- reporter 
conjugates may be used to derive quantifiable absolute or 
relative data of the relevant antibody binding in samples 
(normal and test) . 

The present invention also provides the use of a specific 
binding member as above for measuring antigen levels in a 
competition assay, that is to say a method of measuring the 
level of antigen in a sample by employing a specific binding 
member as provided by the present invention in a competition 
assay. This may be where the physical separation of bound 
from unbound antigen is not required. Linking a reporter 
molecule to the specific binding member 30 that a physical or 
optical change occurs on binding is one possibility. The 
reporter molecule may directly or indirectly generate 
detectable, and preferably measurable, signals. The linkage 
of reporter molecules may be directly or indirectly, 
covalently, e.g. via a peptide bond or non-covalently . 
Linkage via a peptide bond may be as a result of recombinant 
expression of a gene fusion encoding antibody and reporter 
molecule . 

The present invention also provides for m measuring levels of 
antigen directly, by employing a specific binding member 
according to the invention for example in a biosensor system. 
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The mode of determining binding is not a feature of the 
present invention and those skilled in the art are able to 
choose a suitable mode according to their preference and 
general knowledge . 

The present invention further extends to a specific binding 
member which competes for binding to GPVI with any specific 
binding member which both binds the antigen and comprises a V 
domain including a CDR with amino acid substantially as set 
out herein or a V domain with amino acid sequence 
substantially as set out herein. Competition between binding 
members may be assayed easily in vitro, for example by tagging 
a specific reporter molecule to one binding member which can 
be detected in the presence of other untagged binding 
member (s), to enable identification of specific binding 
members which bind the same epitope or an' overlapping epitope. 
Competition may be determined for example using EL ISA or flow 
cytometry. 

A competition reaction may be used to select one or more 
specific binding members such as derivatives of 10B12 and 1C3, 
which may have one or more additional or improved properties. 
This is analogous to the selection method for 10B12 in 
accordance with the invention, except that GPVI is not eluted 
from its mini-ligand but from an antibody molecule. This may 
be important as it should yield a greater proportion of 
daughter antibodies which directly compete with the parent . 
Indeed such daughter antibodies as are selected may have a 
greater affinity for the antigen than the parent (allowing for 
enhancements in avidity which may result from the display of 
more than one antibody molecule per phage) . Current methods of 
selecting for "daughter" phage antibodies of improved affinity 
include : 
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i) using concentrations of (labelled) target antigen lower 
than the dissociation constant of the original parent 
antibody 

ii) using excess unlabelled target antigen as a competitor 

5 as demonstrated in Hawkins et al (1992) . However, they do not 
necessarily specify that the "improved" antibody must 
displace/occupy the same epitope as the parent. Incorporating 
the elution step should yield a higher proportion of daughter 
antibodies which do displace the parent. Daughter antibodies 
10 selected in this way may bind a very similar epitope to the 
parent antibody, but with a greater affinity. 

In testing for competition a peptide fragment of the antigen 
may be employed, especially a peptide including an epitope of 

15 interest. A peptide having the epitope sequence plus one or 
more amino acids at either end may be used. Such a peptide 
may be said to "consist essentially" of the specified 
sequence. Specific binding members according to the present 
invention may be such that their binding for antigen is 

20 inhibited by a peptide with or including the sequence given. 
In testing for this, a peptide with either sequence plus one 
or more amino acids may be used. 

. Specific binding members which bind a specific peptide may be 
25 isolated for example from a phage display library by panning 
with the peptide (s) . 

The present invention further provides an isolated nucleic 
acid encoding a specific binding member of the present 
30 invention. Nucleic acid includes DNA and RNA. In a preferred 
aspect, the present invention provides a nucleic acid which 
codes for a CDR or VH or VL domain of the invention as defined 
above . 
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The present invention also provides constructs in the form of 
plasmids, vectors, transcription or expression cassettes which 
comprise at least one polynucleotide as above. 

The present invention also provides a recombinant host cell 
which comprises one or more constructs as above. A nucleic 
acid encoding any CDR, VH or VL domain, or specific binding 
member as provided itself forms an aspect of the present 
invention, as does a method of production of the encoded 
product, which method comprises expression from encoding 
nucleic acid therefor. Expression may conveniently be 
achieved by culturing under appropriate conditions recombinant 
host cells containing the nucleic acid. Following production 
by expression a VH or VL domain, or specific binding member 
may be isolated and/or purified using any suitable technique, 
then used as appropriate. 

Specific binding members, VH and/or VL domains, and encoding 
nucleic acid molecules and vectors according to the present 
invention may be provided isolated and/or purified, e.g. from 
their natural environment, in substantially pure or 
homogeneous form, or, in the case of nucleic acid, free or 
substantially free of nucleic acid or genes origin other than 
the sequence encoding a polypeptide with the required 
function. Nucleic acid according to the present invention may 
comprise DNA or RNA and may be wholly or partially synthetic. 
Reference to a nucleotide sequence as set out herein 
encompasses a DNA molecule with the specified sequence, and 
encompasses a RNA molecule with the specified sequence in 
which U is substituted for T, unless context requires 
otherwise . 
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Systems for cloning and expression of a polypeptide in a 
variety of different host cells are well known. Suitable host 
cells include bacteria, mammalian cells, yeast and baculovirus 
systems. Mammalian cell lines available in the art for 
expression of a heterologous polypeptide include Chinese 
hamster ovary cells, HeLa cells, baby hamster kidney cells, 
NSO mouse melanoma cells, YB2/0 rat myeloma cells and many 
others. A common, preferred bacterial host is E. coli . 

The expression of antibodies and antibody fragments in 
prokaryotic cells such as E. coli is well established in the 
art. For a review, see for example Pluckthun, A. 
Bio/Technology 9: 545-551 (1991). Expression in eukaryotic 
cells in culture is also available to those skilled in the art 
as an option for production of a specific binding member, see 
for recent reviews, for example Ref, M.E. (1993) Curr. Opinion 
Biotech. 4: 573-576; Trill J.J. et al . (1995) Curr. Opinion 
Biotech 6: 553-560. 

Suitable vectors can be chosen or constructed, containing 
appropriate regulatory sequences, including promoter 
sequences, terminator sequences, polyadenylation sequences, 
enhancer sequences, marker genes and other sequences as 
appropriate. Vectors may be plasmids, viral e.g. 'phage, or 
phagemid, as appropriate. For further details see, for 
example. Molecular Cloning: a Laboratory Manual: 2nd edition, 
Sambrook et al . , 1989, Cold Spring Harbor Laboratory Press. 
Many known techniques and protocols for manipulation of 
nucleic acid, for example in preparation of nucleic acid 
constructs, mutagenesis, sequencing, introduction of DNA into 
cells and gene expression, and analysis of proteins, are 

r - 

described in detail in Current Protocols in Molecular Biology, 
Second Edition, Ausubel et al . eds . , John Wiley & Sons, 1992. 
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The disclosures of Sambrook et al . and Ausubel et al . are 
incorporated herein by reference. 

Thus, a further aspect of the present invention provides a 
host cell containing nucleic acid as disclosed herein. A 
still further aspect provides a method comprising introducing 
such nucleic acid into a host cell. The introduction may 
employ any available technique. For eukaryotic cells, 
suitable techniques may include calcium phosphate 
transf ection, DEAE-Dextran, electroporation, liposome-mediated 
transfection and transduction using retrovirus or other virus, 
e.g. vaccinia or, for insect cells, baculovirus . For 
bacterial cells, suitable techniques may include calcium 
chloride transformation, electroporation and transfection 
using bacteriophage . 

The introduction may be followed by causing or allowing 
expression from the nucleic acid, e.g. by culturing host cells 
under conditions for expression of the gene. 

In one embodiment, the nucleic acid of the invention is 
integrated into the genome (e.g. chromosome) of the host cell. 
Integration may be promoted by inclusion of sequences which 
promote recombination with the genome, in accordance with 
standard techniques . 

The present invention also provides a method which comprises 
using a construct as stated above in an expression system in 
order to express a specific binding member or polypeptide as 
above . 
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Aspects and embodiments of the present invention will now be 
illustrated by way of example with reference to the following 
experimentation. 

MATERIALS AND METHODS 

Reagents 

Two phage display libraries were used: one generated by Marks 
(Marks et al , 1991) and one obtained from Cambridge Antibody 
Technology (CaT; Vaughan et al , 1996) . Both V gene libraries 
were of non-immune origin and have been previously described. 
A calmodulin-binding peptide which we refer to as N9A 
(described by Montiagiani et al, 1996) was synthesized. N9A- 
conjugated BSA was prepared by the method of Bernatowicz and 
Matsueda (1986) : the BSA-N9A was dialysed into lOOmM NaCl, 
50mM Na-Borate at pH 8 . 3 and stored at -2 0°C, at 19 mg/ml (BCA 
assay; Perbio, Chester, UK) . N9 A- conjugated peroxidase (HRP) 
was prepared by mixing N9A peptide with polymerised, 
maleimi de-activated peroxidase (Sigma: P-1834) dissolved in 
PBS, pH 7.4. Then 1 mg peroxidase was added to 4 . 5 nmoles 
peptide and allowed to react overnight at 4°C. The remaining 
maleimide groups were blocked with 2 -mercaptoethanol . The HRP- 
N9A was then separated by desalting column, eluting in PBS, pH 
7.4. To this was added NDSB-201 (0.5 M final; Calbiochem- 
Novabiochem; Nottingham, UK:) and thimerosal (0.02% final; 
Sigma) . The mixture was then stored at ~20°C. 

The recombinant ectodomains of hGPVI comprised residues Ql- 
T185 of the mature protein (referred to as hD!D2) . Two fusion 
proteins were generated which contained _ hDlD2 , one "hDlD2-His" 
comprising a his -tag, and the other n hDlD2-CaM" comprising a 
calmodulin tag. A similar protein, containing the recombinant 
ectodomains of murine GPVI (comprising residues Q1-L185; 
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termed mDlD2-CaM) was generated. Also, the two domains of 
hDlD2 were expressed as separate ■ fusion proteins. hDl-CaM 
comprised residues 1-89, whereas hD2-CaM comprised residues 
87-185 of mature hGPVI . Each of these proteins was expressed 
and purified to homogeneity. 

scFv - selection, isolation and expression 
Two methods of phage antibody selection were used. Both 
methods were designed by the inventors: phage antibody was 
not eluted from the complex but the CaM-antigen-phage antibody 
complex was removed from the solid phase by chelation of free 
calcium ions. Phages were selected on recombinant fusion 
protein hDlD2 -CaM. 

Antibody phage selection - binding in solution then capture 
The first method involved mixing recombinant antigen (hDlD2 - 
CaM) with phage (from the Marks library) in free solution, 
allowing phage antibodies to bind antigen then retrieving this 
complex by Ca 2+ - dependent attachment to immobilised BSA-N9A. 
Non binding phages were removed by washing in the presence of 
Ca 2+ ions, then phage -hDlD2 -CaM complexes were eluted with 
EDTA. Eluted phages were expanded by transforming bacteria. 
Three rounds of phage selection were performed before 
bacterial colonies were screened for scFvs with GPVI binding 
capacity. 

The method in more detail: Phage were prepared from the two 
non- immune libraries as previously described (Marks et al , 
1991) and resuspended in Tris-buf f ered saline (TBS; 150 mM 
NaCl, 50 mM Tris-HCl, pH 7.4; TBS) to a .final concentration of 
approximately 10 12 pf u/ml . An immunotube (Nunc) was coated with 
BSA-N9A at 5 ug/ml (in 50 mM Na-Borate, pH 8.3) overnight at 
4°C and blocked with 2% non-fat milk powder in TBS for 1 h at 
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37°C. Then 500pl of phage was added to 3 . 5 ml of TBS with 0.1% 
Tween-20 and 1 mM CaCl 2 (TBS-TCa ) containing 0.5 ug/ml hDlD2 - 
CaM and 3% BSA. The mixture was incubated for 1 h before being 
transferred to the immunotube. The tube was then incubated for 
1 h at room temperature (RT) with rotation to ensure complete 
capture of hDlD2 -CaM by the immobilised BSA-N9A. The 
immunotube was then washed 10 times with TBS-TCa, followed by 
10 times in TBS-Ca (without Tween) . The hDlD2 -CaM and any 
specifically bound phage was released from BSA-N9A by washing 
the immunotube twice with TBS and 10 mM EDTA with 2 00 ul and 
then 800 ul for 10 minutes. These washes were pooled and phage 
recovered by infection of E. Coli strain TGI. From the Marks 
library, three successive rounds of selection were performed 
by the above method, giving rise to M3B clones: Marks/ 3 rd 
round/Method B. This gave rise to scFvs described as 1C3 , 8A1, 
16E12 and 4H9 among other scFvs. 

Antibo dy phage selection - competition with ligand then 
capture 

The second method of phage selection involved two rounds. The 
Vaughan library was used. The first round was performed by 
method B above using the approach of elution. The resultant 
selection was termed C1B : CaT/ 1 st round/ Method B. For the 
second round propagated phages from round 1 were incubated 
with hDlD2 -CaM already bound to CRP . Any phages with the 
ability of displacing hDlD2 from CRP would thus form a soluble 
complex which was retrieved by capture of hDlD2 -CaM on the 
solid phase by BSA-N9A. These captured antigen- phages were 
eluted by chelation of calcium and bacteria transformed 
followed by clone screening for GPVI binding scFvs . Here only 
two rounds of phage selection were performed: one positive 
selection on antigen and the second based on displacement of 
receptor from its ligand. 
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The method in more detail: An immunotube was coated with BSA- 
N9A and blocked as before. Parallel, 96-well plates (Immulon 
2, Dynex Technologies, Ashford, Middlesex, UK) were coated 
with 100 pi of CRP at 10 pg/ml in 0.01 M acetic acid overnight 
at 4°C. All subsequent steps were performed at RT. Plates were 
blocked by incubation with 200 pi of blocking buffer (TBS and 
5% BSA, pH 7.4) for at least 3 0 min. The wells were washed 
three times with 200 pi of adhesion buffer (TBS and 0.1% BSA). 
Then 100 pi of hDlD2 -CaM (at 20 pg/ml) was added to each well 
and incubated for 2 h. The wells were washed four times with 
200 pi of adhesion buffer to remove unbound hDlD2 -CaM . Then 
100 pi of C1B phage was added to the wells and incubated for 2 
h. The contents of these wells were added to the immunotube 
containing immobilised BSA-N9A and incubated for 3 0 min to 
capture any hDlD2 - CaM eluted from CRP by the phage. The 
immunotube was then washed by filling 2 0 times with adhesion 
buffer and the hDlD2 - CaM released by TBS with 10 mM EDTA as 
before. Phage were recovered by infection of E. Coli strain 
TGI. This competitive method of selection was termed Method C. 
This was used as the second round for C1B, the resulting 
selection was termed C1B2C . This gave rise to clones 10B12, 
4D5, 21C7-1 and 21C7-2. This method was successful in 
isolating a scFv able to inhibit various physiological 
platelet responses to collagen, as discussed further below. 

Rescue of phagemid antibodies after selection 

After each round of selection, the eluted phage were added to 
10ml of E. Coli strain TGI, grown in 2TY to mid-log phase 
growth (A 60 onm = 0.5-0.8). These were incubated for 3 0 minutes 
at 37°C, without shaking. The culture was then centrifuged at 
lOOOgr for 10 minutes and the supernatant discarded. The pellet 
containing the infected TGI was resuspended in the remaining 
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fluid, plated out onto TYAG plates and grown overnight at 37°C. 
If a further round of selection was to be performed, the 
plates were scraped and all the colonies mixed together in 
10ml 2TY. 100^1 of this mixture was used to innoculate 25 ml 
2TY with 100 ug/ml ampicillin and 1% glucose (2.TYAG) and the 
culture grown to mid-log phase. Helper phage (VSCM13) were 
then added to a final concentration of 5xl0 9 /ml and the culture 
incubated for 3 0 minutes at 3 7°C. The culture was then 
centrifuged at lOOOg for lOminutes and the supernatant 
discarded. The pellet was resuspended in 25ml prewarmed 2TY + 
100 /xg/ml ampicillin and 50/ig/ml kanamycin (2TYAK) and 
incubated overnight at 3 0°C with shaking. The culture was then 
centrifuged, using two consecutive spins in fresh tubes, at 
10,800g for 15 minutes per spin. The supernatant (containing 
the rescued phage) was mixed with 0 . 3volumes of 2 . 5M NaCl , "20% 
glycerol and incubated on ice for 1 hour. The mixture was 
again spun with two consecutive spins in the same tube at 
10, 800gr for 15 minutes per spin. The supernatant was 
completely removed and the pellet resuspended in 2 ml TBS. 
This was spun at ll,500g for 10 minutes to remove any traces 
of remaining bacteria. The supernatant, representing the 
purified, rescued phage was decanted and stored at 4°C until 
required . 

Isolation of TGI clones and exp r ession of scFv antibodies from 
phagemid clones 

For the final round of selection, colonies were picked from 
TYAG plates into 96-well plates containing 100 ul of 2 TYAG per 
well. The plates were incubated with shaking, overnight at 
37°C. 100 M 1 per well of 20% glycerol in 2TYA was then added and 
the plates stored at -70°C. At a later date, plates containing 
100 U l 2 TYAG were inoculated by 96-well transfer device from 
these frozen glycerol stocks. The clones were grown overnight 
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then used to inoculate another set of plates containing 200 ]il 
induction medium (2TY with 100 ug/ml ampicillin and 0.1% 
glucose) . After growing the clones for 6 h at 37°C, 25 pi of 9 
rnM isopropyl (3-D- thiogalactoside (IPTG) was added into each 
well and the clones grown overnight at 30 °C to induce soluble 
scFv expression. The plates were centrifuged at lOOOg for 40 
min to obtain a clear supernatant, used in the EL ISA screening 
assays . 

The clones were screened (as bacterial culture supernatants) 
by capture ELISA to detect scFvs recognising hDlD2 -CaM. Clones 
identified reacting positively in this initial screening were 
then used to inoculate new plates containing 100 \il per well 
of growth medium and were grown. A sample was subjected to PCR 
screening and digestion with BstNl enzyme. Where colonies from 
the same positive clone had different digestion patterns, both 
phagemid preparations were DNA sequenced. Where both colonies 
gave the same digestion pattern, one was selected as 
representative . 

Induction of cultures from phagemid clones was also performed 
to obtain larger volumes (10 ml) for further testing, as 
described herein. 

Screening for positive clones against GPVI 

PCR screening and DNA fingerprinting of clones 
Phagemid clones were screened for the presence of a scFv 
insert of the correct size by PCR amplification using primers 
LMB3 (CAG GAA ACA GCT ATG AC - SEQ ID NO^. 23) and fd-seql (GAA 
TTT TCT GTA TGA GG - SEQ ID NO. 24) , the size of the amplicon 
being analysed by agarose gel electrophoresis. A further 
portion of each product from the above reaction was digested 
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with BstJSTl enzyme (Marks et al, 1991) and restriction fragment 
length polymorphism patterns analysed by agarose gel 
electrophoresis . 

Capture ELISA to detect scFv recognising hDlD2-CaM 
For the capture ELISA, 96-well plates (Maxisorp, Nunc) were 
coated overnight at 4°C with 50 ]il BSA-N9A at 5 jig/ml in 50 mM 
Na-Borate (pH 8.3) . The wells were washed, blocked by 
incubation for 30 min at 37°C and washed twice again with 200 
yl TBS-TCa. hDlD2-CaM in TBS-TCa at 5 ug/ml (in 50 jil) was 
incubated for 3 0 min at RT. After washing the wells four times 
with 200 \il TBS-TCa, 100 pi of the bacterial supernatant was 
incubated for 2 h at RT. After washing for four times, 100 jil 
HRP-labelled 9E10 monoclonal antibody at 0.2 jag/ml (Roche, 
Lewes, UK) was incubated for 3 0 min at RT. After washing the 
wells six times, 100 \il of KPL 1 -component substrate (Dynex 
Technologies, Middlesex UK) was added. After 2 0 min the 
reaction was terminated with 50 pi of 0.5 M H 2 S0 4 . The 
absorbances were read at 450 nm with no plate blank. 

Direct ELISA to detect scFv recognising hDlD2-CaM and other 
antigens 

For the direct ELISA, 96-well plates (Maxisorp, Nunc) were 
coated overnight at 4°C with 50 \il streptavidin, mouse IgG, 
lactoferrin, thyroglobulin, lysozyme, bovine type 1 collagen, 
hDlD2 -CaM or the individual domains of GPVI (Dl-CaM and D2- 
CaM) with 50 \il per well at 5 pg/ml in 50 mM Na-Borate (pH 
8.3) . The wells were washed once with 200]al TBS-TCa, then 
blocked by incubation with 200/zl TBS-TCa for 30 minutes at 37°C 
and washed twice again with 200 \il TBS-TCa. Hundred /il of 
induced bacterial culture supernatant was then incubated in 
the wells for 2 hrs at RT. After washing the wells four times 
with 200 ul TBS-TCa, 100 \il of the bacterial supernatant was 
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incubated for 2 hrs at RT. After washing for four times, 100 
\xl HRP-labelled 9E10 monoclonal antibody at 0.2 )jg/ml was 
incubated for 3 0 min at RT. After washing the wells six times, 
100 \il of KPL 1-component substrate was added. After 
approximately 20 min the reaction was terminated with 50 \il of 
0.5 M H 2 S0 4 . The absorbances were read at 450 nm with no plate 
blank. 

Red Cell agglutination 

Papainised Ri W R 2 red cells (Reagents Laboratory, National Blood 
Service, East Anglia centre) were diluted to 0.8% in Cell Stab 
buffer (DiaMed, Cressier sur Morat, Switzerland) . Into the 
upper reservoir of a NaCl Gelcard (DiaMed; Lapierre et al 
(1990)), 50 jil cell suspension was placed. Firstly, 50 \il 
purified scFv (at either 1 or 10/xg/ml, diluted in Cell Stab 
buffer) was added to 50 ]il of 9E10 monoclonal antibody culture 
supernatant (60 jig/ml) to promote cross -linking of scFvs . Then 
50 \il of the mixture was carefully mixed with the cells in the 
gelcard and incubated for 15 minutes at RT. The cards were 
then centrifuged according to the manufacturer's instructions 
and any agglutination of cells was recorded. Later on, the 
purified scFvs were tested against two different panel red 
cells, i.e. R1R1 and R2R2 . 

Purification and expression of positive clones 

Subcloning of the scFvs into pUC and purification 
the scFv cassettes of positive clones with promising 
characteristics and distinct V gene sequences were subcloned 
into the vector pUC119-Sf i/Not-His6 (as described in Griffiths 
et al (1994) > except that an Sfi I site was present in place 
of the Xba I site) using E. Coli strain TGI as host. After 
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recloning the V genes were sequenced to verify the nucleotide 
sequences . 

Small scale expression of scFvs in bacterial culture 
supernatant 

A distinct circular colony was used to innoculate 3 ml growth 
medium (2TY and 100 ug/ml ampicillin and 1% glucose) . This was 
grown overnight, with shaking at 3 7°C before being diluted 
approximately 1/100 in 10 ml induction medium (2TY and 100 
ug/ml ampicillin and 0.1% glucose). These cultures .were 
maintained at 37°C, with shaking until an OD 600 nm = 0.5-0.8 
was achieved. IPTG was then added to a final concentration of 
1 mM. The cultures were maintained at 30°C overnight, with 
shaking, and then centrifuged at 1000 g for 3 0 min to obtain a 
clear supernatant. This was apsirated, filtered (0.2 m ) into 
a fresh tube and stored at 4°C. 

Large scale expression and purification of scFvs 
A distinct circular colony was used to innoculate 50 ml growth 
medium (2TY and 100 ug/ml ampicillin and 1% glucose) . This was 
grown overnight, with shaking at 3 7°C before being diluted 
approximately 1/200 in induction medium (2TY and 100 ug/ml 
ampicillin and 0.1% glucose; several volumes of 500 ml in 2 1 
flasks) . These cultures were maintained at 3 0°C, with shaking 
for 4 h. IPTG was then added to a final concentration of 1 mM. 
The cultures were maintained at 30°C overnight, with shaking, 
and then centrifuged at 4 000 g for 10 min to obtain a 
bacterial pellet. This pellet was then resuspended in ice-cold 
periplasmic buffer containing 2 0% sucrose, 3 0 mM Tris-HCl and 
1 mM EDTA, pH 7 . 5 and incubated on ice for a minimum of 2 0 
min. The mixture was centrifuged again at 6000 g for 10. min 
and the supernatant (called the "periplasmic extract") 
retained. The pellet was resuspended in ice-cold 5 mM MgSQ 4 and 
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incubated on ice for a minimum of 2 0 min. The mixture was then 
centrifuged, along with the periplasmic extract at 18,500gr for 
60 min. The supernatant was then dialysed extensively versus 
0.5 M NaCl, 50 mM Sodium phosphate, pH 7.5 (IMAC buffer), at 
4°C. Imidazole was then added to 25 mM and the dialysate was 
filtered (Stericup 0.2 ym filter, Millipore) . A HiTrap 
Chelating column (AmershamPharmaciaBiotech, Amersham, UK) was 
then charged with Ni 2+ ions according to the manufacturer's 
instructions. This column was equilibrated with 4-6 column 
volumes of IMAC buffer containing 100 mM Imidazole at pH 7.5 
(equilibration buffer) , The filtered dialysate from above was 
then passed through the column and the column was then washed 
with 6-10 column volumes of equilibration buffer. The scFvs 
were eluted from the column by passing through elution buffer 
containing 250 mM imidazole in IMAC, pH 7.5. 

This eluate, which contained highly purified scFv, was then 
desalted into 150mM NaCl, lOmM HEPES, pH 7 . 2 (HBS) either by 
dialysis or by gel filtration chromatography. Dialysis was 
performed on essentially pure scFv. Gel filtration 
chromatography was performed as described below, except that 
the peaks representing both dimeric and monomeric scFv were 
pooled together. In this way, no bias from the inherent 
oligomerisation state of the scFv was introduced and scFv 
prepared by dialysis and gel filtration could be compared 
directly. For all assays in which purified scFvs were used, 
including epitope mapping studies by biosensor, the scFvs were 
prepared in this way. 

The purity of scFv was monitored at each stage by subjecting 
samples to reducing SDS-PAGE on a 3%/l5% discontinuous gel in 
a Mini Protean system (BioRad, Hemel Hempstead, UK) according 
to the method of Hames (1990) . Protein quantitation was made 
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by BCA assay kit (Perbio, Chester, UK) with reference to a 
standard curve of 0.0625-2 mg/ml BSA. 

Purification of monomer ic scFv 

For biosensor studies to determine the affinity of scFvs for 
hDlD2, certain fractions containing purified scFv were pooled 
and concentrated using Centricon 10 concentrators (Amicon, 
Beverley. MA) then subjected to gel filtration using a 
Superose 12 column attached to an AKTA purifier 10 (APBiotech, 
Amersham, UK) with 150mM NaCl, lOmM HEPES , pH 7 . 2 (HBS) as 
eluant. Gel filtration was performed to remove the dimeric 
portion of scFv and any additional contaminants. 

r 

The scFv separated into two peaks; a small peak eluting before 
a much larger peak. Under identical conditions, the elution 
volumes for the peaks were compared against the migration of 
standards (Combithek, Boehringer Mannheim) . The elution volume 
for the smaller, early peak was 13.2ml (around the size 
expected for a scFv dimer of 58 kDa) , just after the elution 
volume for albumin (68 kDa, 12.9 ml). The elution volume for 
latter, larger peak was 14.8, close to the elution volume for 
chymotrypsin (25 kDa, 15.2 ml). For affinity measurements on 
the biosensor only protein eluting in the latter peak 
(monomeric scFv) was used. No contaminating proteins were 
observed in this sample, when applied to SDS-PAGE. 

DNA sequencing 

Purified double- stranded phagemid DNA was used as template for 
sequencing within the BigDye Terminator Cycle Sequencing Ready 
Reaction kit according to the manufacturers instructions 
(PE/Applied Biosystems, Warrington, UK). The primers LMB3 (SEQ 
ID NO. 23) and pHEN-SEQ (CTA TGC GGC CCC ATT CA - SEQ ID NO. 
25) were used, while the analysis was run with the Applied 
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Biosys terns 3 73 DNA sequencer. The nucleotide sequences of the 
clones were analysed with MacVector 6.5.3 (Oxford Molecular 
Group) and compared for homology with germline V-gene 
sequences in the online Vbase directory, the DNAPLOT (Sequence 
alignment software in the V Base database, http://www.mrc- 
cpe.cam.ac.uk; Cook and Tomlinson, 1995) . The VH and VL genes 
were aligned to their most homologous germline genes and the 
mutation rates (number of replacements) were calculated. For 
calculations, the 18 nucleic acids of both genes in the 5 '-end 
were not considered (imprinted by the primers) . For the VH 
gene, also the last 6 nucleotides were not considered in the 
analysis, because of being contained in the DJ and VH gene 
recombination and »N' additions region. Amino acid annotation 
was according to Kabat (Kabat et al, 1991) . 

Flow cytometry 

The purified scFvs were tested for reactivity with platelets 
with the immunofluorescence test. Platelet rich plasma (PRP) 
was freshly prepared from EDTA-anticoagulated blood by 
centrifugation at 14 0 0 rpm for 10 min, and PRP corresponding 
to 5x10 s platelets (counted by Sysmex K1000, Milton Keynes, UK) 
was transferred into a 96-well plate (Dynex, Microtiter) . The 
platelets were washed twice in buffer (PBS with 10 mM EDTA of 
PH 6.8 and 0.25% BSA) by centrifugation at 3000g for 6 min. 
The platelets were resuspended in 150 ul purified scFv at 100 
ug/ml and incubated for 1 h at RT. After washing with 200 pi 
buffer, the platelets were resuspended in 100 ul 9E10 Mab (at 
30 ug/ml) and incubated for 1 h at RT. The platelets were then 
washed once, resuspended in 50 ul of a 1:20 dilution of 
fluorescein isothiocyanate (FITC) -conjugated goat anti-mouse 
IgG (Dako, Cambridge, UK) and incubated for 30 min at RT in 
the dark. After a final wash, platelets were resuspended in 
200 ul buffer and the fluorescence intensities of 10,000 
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events were analysed using a flow cytometer (Coulter XL, Luton 
UK) . The median fluorescence intensity was recorded on a 
logarithmic scale. 

When studying saturation of platelets with the purified scFvs, 
platelets were freshly prepared from EDTA- ant i coagulated whole 
blood by washing twice in buffer. Then 50 ul of platelets 
lOVml (corresponding to 5xl0 5 platelets) was dispensed into 
the wells of a 96-well plate. The platelets were washed twice 
and resuspended with 150 ul purified scFv at varying 
concentrations (from 0.01 to 500 ug/ml) for 1 h at RT. When 
studying the expression levels of GPVI on platelets in 
different individuals scFv 1C3 was used at 10 ug/ml 
concentration. Platelets were' isolated from fresh blood 
samples except in two cases platelets were recovered from 
cryopreserved stocks. In one of these two donors GPVI was 
encoded by the "wild type" GPVI allele whilst in the other, 
one of the alleles carried a low frequency single nucleotide 
polymorphism replacing the L at position 83 by a V. 

The inhibition of scFv binding to platelets by soluble D1D2 
was studied by flow cytometry. The purified scFv 1C3 or 10B12 
at the concentration 2 0 M g/ml was incubated with D1D2-His at 
different concentrations (from 1 to 300 /xg/ml) in total volume 
of 150 ul for 15 min at RT . Then 50 ul of platelets 10 7 /ml 
(corresponding to 5x10= platelets) freshly prepared from EDTA 
anticoagulated whole blood, by washing twice in buffer, was' 
dispensed into the wells of a 96-well plate containing 150 M l 
of the scFv-hDlD2 mixture, and incubated for ih at RT. The 
protocol was then completed as described above. 
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Ligand binding a ssay: the scFv inhibiting the interaction of 
hDlD2-CaM with collagen related peptide (CRP) 

Any effects of scFvs on the interaction of hDlD2 -CaM with CRP 
(GCO(GPO) 10 GCOG, single letter amino acid code where O is 
hydroxyproline - SEQ ID NO. 21) or GPP10 (GCP (GPP) 10 GCPG - SEQ 
ID NO. 22) were tested using the following assay. 96-well 
plates (Immulon 2, Dynex Technologies, Ashford, Middlesex, UK) 
were coated with 100 ul of CRP at 10 ug/ml in 0.01 M acetic 
acid for 1 h at 20°C or 4°C overnight. All subsequent steps 
were performed at 2 0°C. The wells coated with CRP were blocked 
by incubation with 200 ul of blocking buffer (TBS containing 
5% BSA, pH 7.4) for 30 min. Then the wells were washed three 
times with 200 ul of adhesion buffer (TBS and 0.1% BSA, pH 
7.4). Meanwhile 20 pi of hDlD2-CaM at 5 or 12.5 ug/ml (0.1 or 
0.25 pg total) was preincubated with 180 ul bacterial 
supernatant (containing scFvs) or the purified scFv over a 
wide range of concentrations and added to each well. After 
incubation for 2 h, the wells were washed three times with 200 
Ul of adhesion buffer to remove unbound hDlD2 -CaM . The wells 
were incubated with 100 ul HRP-N9A at (0.16 ug/ml) in adhesion 
buffer for 30 min. After washing the wells five times with 200 
Ul of adhesion buffer, 100 pi of substrate was added. The 
reaction was terminated after several minutes and the 
absorbance measured, using no plate blank. The mean absolute 
absorbance value from wells where hD!D2 -CaM/scFv was replaced 
by adhesion buffer was regarded as "background" and was 
subtracted from all other values. This was typically 0.05- 
0.06. The mean absorbance value for hDlD2 -CaM binding to CRP 
(in the absence of scFvs) was then set to 100% and referred to 
as "uninhibited binding" (mean absolute r absorbance values are 
shown in each legend) . The values for binding in the presence 
of scFvs were expressed as a percentage of this. In each 
assay, the binding of hD!D2-CaM to the control peptide GPP10 
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was indistinguishable from background, indicating that CRP was 
being specifically recognised by hDlD2 -CaM . 

Biosensor: Epitope mapping an d affinity measurement 
Binding studies and affinity measurements were conducted using 
a resonant mirror biosensor (Iasys, ThermoLabsys terns , 
Cambridge, UK) . Using this system, one protein (the ligand) 
was immobilised to the mirrored surface of the cell of a 
cuvette. The cell contains a stirred volume of buffer to which 
aliquots of a second protein (the ligate) are then added. If 
the ligate binds or dissociates from the immobilised ligand, 
these changes are detected optically and give a reading in ' 
arc.sec-1 in real time. A linear relationship has been found 
to exist between the mass of the protein and the arc.sec-1 
response observed (De Merwe 1993). Here, BSA-N9A was 
covalently immobilised to a carboxymethyldextran surface using 
the manufacturer's instructions. The machine was then primed 
with TBS-TCa . A stirring speed of 100, cuvette temperature of ■ 
25°C and reaction volume per cell of 50 m were used in all 
experiments unless otherwise indicated. At the start of an 
experiment, a recombinant CaM.containing fusion protein (e g 
hDlD2-CaM) was added to a cell, resulting in its non-covalent , 
Ca 2 *-dependent immobilisation to N9A. Several washes with TBS- 
TCa were made to remove unbound material from the cell. Then 
typically the wells were filled with 45yl buffer to which was 
added further volumes of purified scFv (e. F . 5 ul) in HBS . The 
bxnding of scFv was measured in arc. sec" 1 . The binding curves 
were analysed either by recording response at equilibrium 
versus time (for epitope mapping studies) or by calculating 
the initial rates of binding at different scFv concentrations 
using FastFit software (for affinity measurements) . 
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Aggregometry 

Platelet-rich plasma (PRP) was obtained from fresh citrated 
whole blood of healthy donors by centrifuging at 190 g for 12 
minutes. Platelet-poor plasma (PPP) was prepared from PRP by 
centrifuging at 3000 g for 10 minutes. To determine platelet 
aggregation, light transmission in PRP (250 pi) was measured 
and recorded on a Chrono-Log 490-4D four channel aggregometer 
(Labmedics Ltd, Stockport, Cheshire, UK) at 37 °C over 15 min 
and was expressed as arbitrary units with 100% transmission 
adjusted with platelet poor plasma. Platelets were incubated 
for 5 minutes with purified scFv with no effect before 
aggregation was induced by addition of agonist. Agonists were 
Fibrillar collagen type 1 (Ethicon Corp, 1 pg/ml; 2.5 ul of 
100 ug/ml in 250 pi of PRP), adenosine diphosphate (ADP; 30 
uM) or U46619 (2 pM) . The scFvs were studied at different 
concentrations (10 to 50 ug/ml) . 

Reactivity of the scFvs with g ranulocytes and lymphocytes by 
immunofluorescence assay 

The purified scFvs were tested for reactivity with 
granulocytes and lymphocytes using lysed whole blood in a flow 
cytometric assay. Briefly, an aliquot of whole EDTA 
anticoagulated blood containing 0.5 x 10 s leukocytes (counted 
by Sysmex K1000, Milton Keynes, UK) was added to a 75 x 12 mm 
tube. The red cells were lysed by the addition of an ammonium 
chloride solution. The remaining leukocytes were washed twice 
and 150 pi of scFv added at a concentration of 50 pg/ml. After 
incubation for 1 h at RT, the cells were washed and incubated 
with 9E10 mAb for 1 h at RT. After washing, FITC- conjugated 
anti-mouse Ig (Dako, Cambridge, UK) was,_added and incubated 
for 3 0 min. The cells were washed once and subsequently 
analysed by flow cytometry. The median fluorescence intensity 
was recorded on a logarithmic scale. 
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Platelet adhesion assay: the sc F v inhibiting the interaction 
o|_platelets with collagen and related molecules 
In order to test the effects of scFvs on the interaction of 
platelets with collagen and related molecules the following 
assay was performed. Immulon 2 96-well plates were coated for 
1 h at 20°C or overnight at 4 °C with 100 ul per well of 
fibrillar type I collagen, monomeric type I collagen, GFOGER- 
GPP or CRP at 10 ug/ml in 0.01 M acetic acid. PRP was prepared 
from fresh whole blood after spinning for 12 min at 200 g. io 
% (v/v) and ACD buffer (39 mM citric acid, 75 mM tri-sodium 
citrate. 2H 2 0, 135 mM D-glucose, pH 4.5) and prostaglandin E x 
(PGE i; 0.28 uM final concentration) were added and the PRP was 
spun for 10 min at 700 g. The platelet pellet was resuspended 
in 5 ml of buffer (5.5 mM D-glucose, 128 mM NaCl , 4.26 mM 
Na 2 HP0 4 .2H 2 0, 7.46 mM NaH 2 P0 4 . 2H 2 0, 4.77 mM tri-sodium 
citrate. 2H 2 0, 2.35 mM citric acid, 0.35 % w/v BSA, P H 6.5). 
PG El was added as before and the platelets were spun for 10 min 
at 700 g. Platelets were resuspended to 10 8 platelets/ml in 
adhesion buffer (50 mM Tris, 140 mM NaCl, 0.1 % w/v BSA, pH 
7.4), treated with 2mM magnesium chloride and purified scFvs 
and allowed to rest for 15 min at room temperature. 

Ligand-coated wells were blocked by incubation with 200 ul of 
blocking buffer (50 mM Tris, 140 mM NaCl, 5 % w/v BSA, pH 7 4) 
for 30 min. The wells were washed three times with 200 ul of 
adhesion buffer, then 50 ul of platelet suspension (10 7 
Platelets in total) was added to each well and left for 1 h at 
20 °c. The wells were emptied and washed three times with 200 
ul of adhesion buffer to remove non-adhe_rent platelets. 
Adherent platelets were lysed by incubation for 1 h with 150 
Pi Per well of lysis buffer (0.07 M tri-sodium citrate, 0.3 M 
citric acid, 0.1 % v/v Triton X-100, 5 mM p-nitro P henyl 
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phosphate) . The reaction was terminated by the addition of 100 
yl of 2 M NaOH to each well. Adhesion was measured 
colorimetrically as the absorbance of the p-nitrophenol 
product at 405 nm in a Maxline Emax microplate reader 
(Molecular Devices Ltd., Crawley, UK). Values were corrected 
for background by subtraction of readings from BSA- coated 
wells. In agreement with others, the relationship between 
platelet number and A405 is linear up to 3.0 absorbance units 
and in a typical experiment, adhesion to CRP results in A i05 
-1.2 ± 0.4, which corresponds to adhesion of -25% of the cells 
applied. . 

Perfus ion chamber studies; platelet adhesion and aggregation 
on collagen surface 

Blood was collected from specific HLA-A2 positive and negative 
donors at the Bloedbank, NZW, Utrecht, The Netherlands. The 
blood was ant i coagulated with 20 U/ml (final) of low molecular 
weight heparin (Fragmin, Pharmacia, Stockholm) and used within 
8 hours of collection. 

Thermanox™ coverslips (Nunc, Naperville IL) were soaked 
overnight with 80% ethanol , rinsed thoroughly with distilled 
water and air-dried. Human placental collagen type III (Sigma) 
was solubilised in 0 . 05M acetic acid and sprayed onto 
coverslips . 

For perfusion studies, the blood was drawn through a mini 
chamber as described by Sixma et al . , 1998. The tube 
containing the blood sample and the mini -chamber device were 
at 3 7°c. The blood was preincubated for 10 minutes with each 
scFv (at 5 0 pg/ml final) before the start of each perfusion. 
As the blood is drawn into this chamber, it enters a slit 0.1 
mm deep and 2 mm wide. A coverslip has been clamped in place 
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so that this represents the upper surface of the slit. Blood 
was drawn through at a constant rate using a Harvard infusion 
pump (pump 22, model 2400-004, Harvard, Natick, MA), 
corresponding to a shear rate of 1600 s" 1 at the surface of the 
coverslip. The perfusion time was 5 minutes. This was followed 
by prewarmed HBS (containing the relevant scFv at 10 jug/ml) , 
to rinse the coverslips. Each perfusion was carried out in 
triplicate, using 3 minichambers connected to one volume of 
blood. 

After each perfusion, the coverslips were removed from the 
minichambers, rinsed with HBS , then fixed in 0.5% 
glutaraldehayde in PBS, dehydrated in methanol and stained 
with May-Grunwald/Giemsa as previously described. 
Platelet adhesion was quantified' using a light microscope 
(Leitz Diaplan) under high power (400X magnification) fitted 
with a CCD camera and attached to a computer equipped with 
Optimas 6.0 image analysis software. A minimum of 20 distinct 
fields per coverslip were sampled to calculate a mean surface 
coverage which was expressed as a percentage of the total 
surface area sampled. Three separate coverslips treated with 
the same blood sample were analysed in this way, and an 
overall mean + SD was thus derived for each scFv treatment on 
each donor blood sample. 

Advanced perfusion studies: platelet adhesion, thrombus 
f ormation and procoagulant e x pression on collagen surface 
measured in real time 

Materials used for this particular study were Fibrillar type -I 
collagen (Horm) from equine tendon was purchased from Nycomed 
(Munich, Germany) . High molecular weight heparin was from 
Sigma (St. Louis, Mo, USA) and H-Phe-Pro-Arg chloromethyl 
ketone (PPACK) was from Calbiochem (La Jolla, CA, USA) . 
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Annexin V (Apoptest) labelled with Oregon Green 488 (OG488) 
was obtained from Molecular Probes (Eugene, OR, USA) . 

Blood from healthy laboratory personnel was collected in 40 yM 
PPACK in 1/10 volume of PBS, supplemented hourly with 10 pM 
PPACK. Subjects had not taken medication during the previous 
two weeks. Platelet counts were determined with a Coulter 
counter (Coulter Electronics, Hialeah, FL, USA) . 

Whole blood perfusion experiments were performed essentially 
as described for mouse blood (Nieswandt et al 2001, EMBO J. 
(2001) 20, 2120-30) . Briefly, glass coverslips (24 x 60 mm) 
were coated with collagen fibres (12.5 /zg/cm 2 ) and blocked with 
Hepes buffer containing 1% BSA and 1% glucose. The blood was 
placed in a syringe and perfused over the coverslip through a 
transparent 50 ^m deep chamber using a pulse- free pump, at a 
shear rate of 1000 s" 1 for 4 min (Billy et al . (1997) Blood 
Coagul Fibrinolysis, 8, 168-174.). Blood was either used 
untreated or was incubated for 15 min prior to perfusion with 
various concentrations of scFv 10B12. 

Microscopic phase-contrast and/or fluorescent images from 
fluo-3 were recorded in real-time using a Visitech digital 
imaging system (Sunderland, UK) equipped with two intensified, 
CCD cameras (Heemskerk et al . (1997) Blood, 90, 2615-2625,). 
After perfusion, flow chambers were rinsed with Hepes buffer 
pH 7.45 supplemented with 1 U/ml heparin and 2 mM CaCl 2 at the 
same flow rate for 4 min. Phase contrast and fluorescent 
images were collected with a 40x UV- transparent objective and 
15 -2 Ox image magnification. Exposure of phosphatidyl serine 
was detected by 5 min post-incubation of the slide with 100 ul 
of Hepes/CaCl 2 buffer containing OG488-labeled Annexin V (1 
ug/ml). Antibodies and antagonists were also added to the 
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rinsing buffer and the Annexin V incubation at the original 
concentrations . 

Surface area coverage from phase -contrast images was analysed 
5 using Image-Pro software version 4.1 (Silverspring, MD, USA). 
Area coverage by platelets staining with OG488-annexin V was 
determined with Quanticell software (Visitech) . Distribution 
of aggregate sizes in phase contrast images was measured .using 
Leica QWin image analysis software (Leica Imaging Systems, 
10 Cambridge, UK) . 

RESULTS 

Reactivity of selected clones by ELISA 
15 scFvs were expressed from the fifteen clones and bacterial 

supernatants tested against a panel of non-related antigens by 
ELISA. When tested against a panel of directly coated 
antigens, seven of the fifteen scFvs were positive on hDlD2 
(clones 1C3, 21C7-1, 10B12, 8A1, 4D5 , 21C7-2, 9D6) , of which 
20 four reacted strongly (1C3, 21C7-1, 10B12, 8A1) . Four of these 
(21C7-1, 4D5, 21C7-2, 9D6) showed cross -reactivity with other 
directly coated antigens (Figure 1) . ScFv 21C7-1 recognised 
the other CaM- containing protein in this antigen panel; the 
scFv B2-CaM. Therefore, 21C7-1 may recognise a shared epitope. 
25 However, this epitope appears to be lost upon capture by N9A 
peptide, as it is unreactive against B2-CaM in the capture 
ELISA (Figure 2) . One of the antigens was polyvalent 
immunoglobulin G, a preparation derived from the pooled plasma 
of over 5,000 donors. Two scFvs (10F11 and 14D10) showed a 
30 marked reactivity to this antigen preparation. The inventors 
assume that such interactions were based on idiotype anti- 
idiotype interactions and that such interactions may not be 
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uncommon for scFvs . The remaining three strong binders showed 
negligible cross -reactivity. 

When BSA-N9A is used to capture antigens to the solid phase in 
a Ca 2+ - dependent manner, it is assumed that the protein is free 
to adopt its native conformation, with each surface accessible 
to. solvent. Under these conditions, nine of the scFvs (1C3, 
10B12, 4D5, 16E12, 21C7-2, 4H9, 8A1 , 14D10 and 9D6) recognised 
hDlD2 specifically, compared to the scFv B2-CaM (Figure 2) . 
Three scFvs (4D5, 16E12, 4H9) which showed little or no 
reactivity with directly coated hDlD2 were able, quite 
strongly, to recognise hDlD2 captured under these conditions. 
Presumably the epitopes recognised by these scFvs are strictly 
conformation-dependent. A further two scFvs, (14D10 and 9D6) 
also showed specific reactivity under these conditions, but 
reacted very weakly. Indeed the reactivity of scFv 9D6 was 
considered so weak that no further studies were performed on 
it. scFv 1C3 recognised murine D1D2 also, indicating that its 
epitope is composed of residues which are largely conserved 
between human and mouse GPVI . ScFv 10B12, on the other hand, 
was found not to react with murine D1D2, but showed some 
reactivity towards hDl , expressed as an isolated domain as a 
CaM-fusion protein. 

25 The V gene cassettes of 4 clones (1C3, 10B12, 16E12, 8A1) were 
re-cloned into pUC-119. ScFv expressed from the pUC vector 
retained specific binding to hDlD2-CaM in the capture ELISA. 
The four scFvs did not show any reactivity against other 
antigens (Figures 3-6) . The two most strongly reactive scFvs 
(1C3 and 10B12), were tested, this timers purified scFvs, for 
their reactivity against hDlD2 , murine D1D2 (mDlD2) (Figure 7) 
and the separate Ig-like domains of hGPVI (hDl and hD2) 
(Figure 8) . These experiments confirmed that scFv 1C3 but not 
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10B12 binds murine D1D2 , while 10B12 weakly binds hDl . These 
results confirmed those previously obtained with non-purified 
scFvs expressed in bacterial supernatants of the original 
phagemid vector (Figure 2) . 

Capacity to i nhibit binding of hDlD2-CaM to CRP 
In both adhesive and activation assays platelets show high 
selectivity, via GPVI , for GPO- over GPP- sequences (Knight et 
al 1999) . hDlD2 -CaM binds CRP specifically and does not bind 
to GPPio (the control peptide lacking hydroxyproline) . hDlD2 
is therefore recognising a similar structure to native GPVI. 
Inhibitors of the interaction of this recombinant protein with 
CRP are likely to inhibit the recognition of CRP by platelets 
(via native GPVI) also. 

The ability of scFvs to inhibit this binding was tested in two 

stages: as bacterial supernatants and as purified scFvs . The 

binding assay was performed as described already above. When 

bacterial supernatant was used, scFv 10B12 produced effective 

inhibition of hDlD2 binding to CRP (Figure 9) . in this 

unpurified form, scFv 1C3 also produced a marked degree of 

inhibition in this assay, which was reduced by increasing the 

dose of hDlD2 (i.e. as the ratio of scFv 1C3 to hDlD2 was 

decreased) . ScFv 16E12 was inert in this assay and scFv 8A1 

enhanced the interaction, an effect which increased as the 

hDlD2 concentration was lowered (i.e. the ratio of scFv 8A1 to 

hDlD2 was increased) .• The control scFv, 2F2 (recognising 

another platelet receptor GPIlbllia) also showed a mild 

enhancement of the interaction under these conditions (Figure 
9) . 

Subsequently, the effect of purified scFvs on the interaction 
of hDlD2 -CaM with CRP was measured (Figure 10) . Once again, 
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binding of hDlD2 -CaM to CRP was specific, since no binding was 
observed to the control peptide GPP10 . Purified scFvs were 
pre- incubated with hDlD2 -CaM at different molar ratios 
(calculated using molecular weights: hDlD2 -CaM, 38 kDa and 
scFv, 28 kDa) before addition to the peptide -coated, blocked 
wells. The specific binding of hDlD2 -CaM to CRP was inhibited 
by scFv 10B12 in a dose -dependent manner, confirming the 
results obtained with the non-purified scFv (Figure 9) . Anti- 
GPVI scFv 16E12 and the negative control scFv 2F2 were both 
inert. Both scFv 8A1 and scFv 1C3 produced a dose dependent 
enhancement of binding of hDlD2 to CRP. For 1C3 this result 
was in contrast with the result obtained with the unpurified 
scFv. The enhanced binding is possibly explained by the effect 
of the dimeric scFvs which are present in the purified scFv 
preparations. Dimeric scFvs which recognise an epitope other 
than the collagen binding site may cross -link hDlD2, enhancing 
its avidity for CRP. The inventors consider the data obtained 
with the purified scFv 1C3 as more reliable and consistent 
with the results of other experiments. For instance, scFv 1C3 
has little or no inhibitory effect on collagen-induced 
platelet aggregation (Figure 11) and scFv 1C3 targets an 
epitope distinct from that recognised by scFv 10B12 (Figure 
13) . 



Binding of scFvs to blood cells 
Binding to platelets by flow cytometry 

The reactivity of purified scFvs 1C3 and 10B12 with freshly 
isolated platelets from normal donors was assessed by flow 
cytometry. A dose dependent binding of the scFvs was observed. 
Saturation at around 50 ^ig/ml produced a similar maximum 
fluorescence intensity for both (Figure 14) . ScFv 1C3 produced 
plateau fluorescence at a slightly lower concentration than 
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10B12. This is in concordance with the slightly higher 
affinity (Figure 19) of scFv 1C3 . When both scFv were used 
simultaneously to stain platelets across the same 
concentration range, increased fluorescence intensities were 
observed, indicating that binding to platelets of scFvs 10B12 
and 1C3 is non-competitive (Figure 14) . Biosensor studies 
confirmed that the scFvs 1C3 and 10B12 bind in a non- 
competitive manner to hDlD2 (Figure 13) . 

In addition, freshly isolated platelets from 4 donors were 
incubated with the purified scFvs 10B12 and 1C3 at 50 ng/ml 
concentration (Figure 15) . Platelets from two additional . 
donors (5 and 6) were tested. These platelets were recovered 
from cryopreserved aliquots. Donor 5 was unique in the sense 
that this donor is heterozygous LV for amino acid 83 in domain 
1 of hGPVI. There is a positive correlation between the 
fluorescence intensities produced by either scFv confirming 
that the same target antigen is being recognised. 

Variation in expression of GPVI on platelets 

Purified scFv 1C3 at saturating level was used to study the 
variation in membrane expression of GPVI by flow cytometry on 
the platelets of 89 individuals (Figure 18) . A two-fold 
variation in binding of scFv 1C3 to platelets was observed. 
Recently, using a ligand blotting assay with labelled 
convulxin, Furihata and colleagues have shown a five-fold 
difference between donors for GPVI content, which correlated 
strongly with platelet procoagulant activity produced in 
response to convulxin (Furihata et al 2001) . The relationship 
between surface and total expression of „GPVT is unknown. One 
explanation why donors vary more in their total cellular 
content of GPVI than in surface expression level might be to 
preserve a consistent level of sensitivity to collagen with 
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this activatory receptor. There appears to be a greater 
variation in surface expression level of GPIalla (up to 10- 
fold; Kunicki et al, 1993 and 19) . High GPIalla expression 
(associated with a polymorphism in the GPIa gene: a thymidine 
replacing a cytosine at position 807) is a risk factor for 
cardiovascular disease (Santoso et al, 1999) . Whether the 
variation in GPVI expression between individuals is of 
pathological significance is not yet known. 

Binding to leucocytes by flow cytometry 

The binding of the scFvs to granulocytes and lymphocytes was 
studied by flow cytometry. Neither scFv 10B12 nor 1C3 showed 
significant binding to either of these cells (Figure 16) . 

Binding to erythrocytes by haemagglutination test 
No agglutination of human red blood cells by the purified 
scFvs 10 B12 and scFv 1C3 was observed (Figure 19) using the 
gel card system. A control scFv FOG-1, recognising the RhD 
antigen (Hughes- Jones et al , 1994), did agglutinate RhD 
positive cells. 

The inhibition of scFv binding to platelets by hDlD2 
The binding of both scFvs 1C3 and 10B12 to platelets was 
inhibited by recombinant soluble hDlD2 (specifically hDlD2 - 
His) in dose -dependent manner (Figure 22) . Binding of the 
control scFv 2F2, recognising GPIIbllla, was unaffected by the 
presence (at 300 /ig/ml) of hDlD2 . 

Capacity of scFv 10B12 to inhibit static p la telet adhesion to 
CRP and collagen 

ScFv 10B12 was found to abolish platelet adhesion to CRP under 
static conditions, in a dose-dependent manner (Figure 21) . 
Attachment of platelets to CRP under static conditions was 
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uniquely dependent on GPVI and not mediated by the adhesive 
collagen receptor c*201 (Knight et al, 1999), as confirmed by 
the inability of the monoclonal antibody (mAb) 6F1 against the 
a2 I domain to block this interaction (Figure 20) . Platelet 
adhesion to two forms of type 1 collagen and to the synthetic 
peptide GFOGER-GPP (Knight et al , 1998) was also measured. 
scFv 10B12 reduced platelet adhesion to each of these ligands 
also. It had been assumed that the adhesion to these ligands 
was only dependent on a2(31 (since mAb 6F1 inhibits this 
interaction) . However, the inventors now postulate that 
interaction of these ligands with GPVI in addition to ot2£l may 
be required. The inventors suggest that the interaction with 
GPVI alters the activation state of a2pl resulting in an 
increased affinity for ligand. 

Aggr egome t ry 

ScFv 10B12 at 50 /xg/ml was found to completely inhibit 
platelet aggregation evoked by 1 ^g/ml collagen fibres (Figure 
11a) . Neither the control scFv 2D4 (anti -HLA-A2 J nor scFv 1C3 
produced measurable inhibition. The inhibitory capacity of 
scFv 10B12 was maintained at 10 fig /ml with the same agonist 
(Figure lib) . However, when other agonists (ADP and U46619) 
were used, no inhibitory effect of scFv 10B12 was observed 
(Figure 12 and Figure 25) . This confirms that scFv 10B12 is 
exerting a specific blockade on the collagen signalling 
pathway as the latter two agonists signal independently of 
GPVI. Taken together with the observations reported herein 
that scFv 10B12 binds specifically to hDlD2 and inhibits the 
binding of hDlD2 to CRP, the inventors conclude that scFv 
10B12 is preventing collagen recognition of platelets solely 
by occupying part of the collagen binding site on GPVI. 
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Perfusion studies 

Collagen III is a potent agonist of platelet activation, which 
contains GPVI recognition sites (Knight et al , 1999), to which 
platelets will adhere under high shear rate (Saelman et al , 
5 1994) . The inventors have shown unequivocal inhibition of 
platelet adhesion to collagen III under flow by scFv 10B12 . 
scFv 2D4 against HLiA-A2 was completely inert and no 
significant difference in platelet adhesion was seen between 
HLA-A2 positive and negative platelets. Blood preincubated 
10 with scFv 1C3 contained platelets that were as effective in 
adhesion as blood treated with the negative control scFv 2D4 
(Figure 23) . 

Cross- inhibition studies using a resonant mirror biosensor 
15 By covalently immobilising BSA-N9A to the surface of a 

biosensor cuvette, hDlD2 -CaM could be attached by the high 
affinity interaction between CaM and N9A peptide, leaving 
hDlD2 in a favourable orientation to be recognised by scFvs . 
ScFvs were added sequentially to saturation, without washing. 
20 Additive binding was observed when scFv 1C3 and 10B12 were 

added to saturation versus a fixed amount of DlD2-CaM (Figure 
13) . From the response obtained, with each scFv versus a known 
response of hDlD2 , a 1:1 binding ratio of each scFv to D1D2- 
CaM is calculated (Table 1) . 

25 

In another experiment either scFvs 1C3 or 10B12 was added to 
hDlD2 -CaM (in separate cells) , followed by scFv 16E12 (Figure 
17) . Interestingly scFv 16E12 bound more readily to hDlD2-CaM 
pre-loaded by 10B12 than that pre-loaded with 1C3 . From this 
30 the inventors conclude that 16E12 recognises an epitope which 
overlaps with the 1C3 epitope rather than the 10B12 epitope. 
This is consistent with the observation that 16E12 has no 
effect on the binding of hD!D2 - CaM to CRP (since 10B12 is 
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inhibitory and 1C3 is not; Figure 10) . Alternatively the 
observation may be explained by scFv 16E12 having a lower 
affinity. 

The affinity of 1C3 and 10B12 was calculated from experiments 
conducted on scFvs purified to entirely the monomeric form by 
gel filtration chromatography just before the experiments. The 
calculated K D for purified, monomeric scFvs 10B12 and 1C3 are 
7.9x 1CT 7 and 5 . 4x 10~ 7 , respectively (Figure 19). These are 
calculated as shown below. 

The fastfit plot of Ko n vs scFv concentration for 1C3 (Figure 
19B) gave the following values: 
Intercept = 0.00111016 ±0.00204437 
Correlation Coefficient = 0.933656 
Gradient = 2053.14 ±454.739 

K D = Intercept/ Gradient=0 . 00111016/2053 . 14 = 5.40713xl0~ 7 

The fastfit plot of Kon vs scFv concentration for 10B12 (Figure 
19D) gave the following values: 
Intercept = 0.00122054 ±0.000899749 
Correlation Coefficient = 0.973277 
Gradient = 1537.93 ±209.498 

K D = Intercept/ Gradients . 00122054/1537 . 93= 7.93625xl0" 7 
DNA sequencing of VH and VL genes 

The nucleotide sequence of the VH and VL genes of the six 
scFvs against hDlD2 was determined. The nucleotide and 
translated protein sequence of the VH and VL chains of scFvs 
10B12 and 1C3, and their CDR's, are presented in SEQ ID NO.s 
1-20) The VH and VL genes have also been aligned to their most 
homologous germline genes, and replacement mutations, silent 
mutations and changes imprinted by the primers in the 5' end 
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of the VH and VL genes identified. Mutation rates (number of 
replacements) were calculated, and are presented together with 
the V gene derivation in Table 2, where similar information is 
presented for scFvs 16E12, 8A1, 4H9 and 4D5 . Amino acid 
5 annotation is according to Kabat (Kabat et al, 1991) . 

Clones from the CaT and the Marks library can be 
differentiated by two sequence characteristics. The codon AGC 
is used for the second serine in the linker between the VH and 

10 VL gene for CaT clones (approximately nucleotides 3 97-39 9, 
depending on the CDR3 length) , compared to TCT for those of 
the Marks library, and also by the 3 '-end of the VL gene. As 
expected 10B12 and 4D5 carried the "molecular signature'' of 
the CaT library and the other clones 1C3 , 8A1, 16E12 and 4H9 

15 carried the ones from the Marks library. 

Sequencing shows that a diverse repertoire of VH and VL genes 
is being used in the GPVI binders. Furthermore the level of 
somatic hypermutation of VH and VL genes in the majority of 
20 clones is low. This is most extreme for clone 8A1 for which 
the both V domains are encoded by genes ' in germline 
configuration. 

The VH domains of scFvs 10B12 (the "inhibitor") and scFv 8A1 
25 (an "enhancer") are both derived from the same VH germline 
gene from the VH3 gene family COS-3 (Table 2) . The terms 
"inhibitor" and "enhancer" refer to the effects of the scFvs 
on hDlD2 binding to CRP (figure 10) . In both clones the VH 
gene is in or in near germline configuration (8A1 and 10B12, 
30 respectively) (Table 2) . Clones 1C3 and^lOB12 use both the JH3 
gene . 
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The VH domain of clone 10B12 has some remarkable additional 
features. First, the two carboxy terminal VH gene encoded 
residues (amino acids 93 and 94) of the VH domain are not 
conserved. Although not unique, the K at the position 94 is 
generally well-conserved (Chothia et al, 1992) . In 10B12 they 
have been changed to T and D, either as a consequence of VH 
and DJH gene recombination or by somatic hypermutation or by 
both. Secondly the CDR3 of the VH domain of scFv 10B12 has a 
remarkable high number of acidic residues (3D, IE). The two 
scFvs 10B12 and 8A1 have different VL domains (L12a and DPL16, 
respectively) . The DPL16 derived VL gene of scFv 10B12 has 
undergone significant somatic hypermutation with the majority 
of replacements in the VL-CDR1. Despite that both scFvs have 
COS -3 encoded VH domains they have striking differences in the 
their functional behaviour. This is best explained by the 
difference in epitope specificity of the two scFvs which will 
be based on the differences in the VH-CDR3 sequence and the 
different VL domains. 

The nucleotide sequence of the VL gene of clone 1C3 showed 
evidence for a cross-over between the VL genes DPL5 and 
2a2.272A12. Amino acids 1-23 were most likely encoded by DPL5 
with only a single nucleotide mismatch. The nucleotides 
encoding the remaining residues of the VL domain align better 
to 2a2.272A12. VL domains encoded by two different VL gene 
segments have been reported and is best explained by cross- 
over resulting from the PGR amplification of the VL genes 
during repertoire cloning. 

Sequence information has been., submitted^ to the GenBank 
database under accession numbers: 10B12V H , AF539528; 10B12V K , 
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AF539529; 1C3V H , AF539530; lC3Vx, AF539531 (online October 
2002) . 

Lysine 59 is part of the epitope of 10B12 

In screening ELISA it was observed that 1C3, but not 10B12, 
binds to mDlD2 . In contrast 10B12 shows some binding hDl, 
whilst 1C3 does not. These indicate that some critical contact 
residues in the 1C3 epitope are conserved between species, 
whereas 10B12 relies on residues which are exclusively human, 
some of which are on hDl . 

Using the PSI -BLAST program at the National Center for 
Biotechnology Information (available on the internet at 
http://www.ncibi.nlm.nih.gov/BLAST/ and findable using any 
search tool or browser using the terms "BLAST" and "NCBI"), 
hDlD2 , mDlD2 , hDl and hD2 were submitted as separate queries 
versus the pdb, giving the same hits for all sequences: 1B6U, 
1G0X, 1NKR, 2DL2 and 2DL1 . Models were constructed from these 
using MODELLER software (Sali et al . , 1995 Proteins, 23, 318- 
32 6) without subjective intervention. The same approach was 
used for the scFvs, with the structures 1AQK, 1MCW, 2CD0, 2MCG. 
Images were generated using GRASP program (Nicholls et al . , 
1991 Proteins, 11, 281-296) . Surface colour was coded by 
electrostatic potential going from blue (potential of +13 
kT/e) to red (-8 kT/e) . Calculated with Poisson-Boltzmann 
solver within GRASP, using a uniform dielectric constant of 80 
for the solvent, 2 for the protein interior, and ionic 
strength at zero. The probe radius used was 1.4 A. Here, K and 
R have a single positive, D and E a single negative charge. 
Other residues are neutral. K59 was mutated to E using the 
program 0 (Jones et al . , 1991. Acta Crystallogr A, 47, 110- 
119), using the most preferred side-chain conformation from 
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the rotomer database (Ponder and Richards, 1987 J Mol Biol, 
193, 775-791) . 

Binding of both scFvs to the four mutant hDlD2 molecules was 
5 tested by ELISA. While the binding of 10B12 to R166S and R117P 
appeared quite unaffected (Figure 24A) , the binding to K59E 
was clearly decreased (40-63% inhibition between 2-20 /zg/ml, 
p<0.001) . Binding of 10B12 to the triple mutant was also 
reduced (28-50% inhibition over the same range, p<0.002) . No 

10 corresponding trend was observed with 1C3 (Figure 24B) , where 
human to murine exchanges would not be expected to abolish the 
epitope. Binding of 1C3 to the triple mutant was not 
significantly different from hDlD2 . Binding to K59E was 
slightly reduced (12-15% inhibition, p<0.05), but the largest 

15 reduction was seen with R117P (21% at 20 /zg/ml , p<0.01). 

From this data, it is concluded that lysine at position 59 in 
hDl is clearly required for 10B12 binding to hDlD2 and that 
glutamate at this position in mDlD2 would be detrimental to 
20 10B12 binding. 

Modelling- of the 10B12 interface with hDlD2 

Models of both scFvs were generated and their antigen binding 
sites viewed alongside the models of hDlD2 and K59E. Some 
25 observations were made for 10B12 . 

The highly acidic VH-CDR3 of 10B12 appears to form part of a 
negatively charged pocket in the antigen binding surface. This 
has some charge and shape complementarity with a basic multi- 
30 lobed patch on the apical surface of hDlD2, which may be at 
the centre of the 10B12 epitope. The basic patch on hDl 
appears to be formed by K41, R4 6, K59 and R6 0, and less 
accessible R38. In this model, the K59E mutation seems to 
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abolish the basic nature of the patch while the surrounding 
features are preserved. This would explain the reduced binding 
of 10B12 to K59E, relative to hDlD2 . As mentioned earlier, 
10B12 binds isolated hDl, but much more weakly than hDlD2 , 
providing indication that residues outside Dl also contribute 
to the epitope. The binding model is compatible with this, as 
the footprint of the scFv would cover the interdomain hinge 
and extend to the apical surface of D2 . 

Advanced perfusion system 

Using the advanced perfusion system, platelet adhesion, 
activation and ensuing thrombus formation on a collagen 
surface was measured, in real time. Treatment, of whole blood 
with scFv 10B12 did not significantly reduce the area covered 
by platelets, compared to untreated blood (Figure 26) . 
However, in blood treated with scFv 10B12, the adherent 
platelets were inhibited in two respects compared to 
untreated. Firstly, they showed a reduction in procoagulant 
expression (as measured by Annexin-V binding) dependent on the 
dose of scFv 10B12 (Figure 26) . Secondly, they showed a 
dramatic reduction in thrombus size with single platelets and 
small aggregates predominating and large aggregates completely 
absent (Figure .27) . 

Thus, scFv 10B12 is antagonising GPVI to inhibit the platelet 
activation process at the level of up-regulation of the 
fibrinogen receptor (which mediates aggregation) as well as 
the expression of the pro- thrombotic platelet surface (which 
gives rise to thrombin generation which enhances the 
coagulation cascade) . 
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TABLE 1 





Minutes 

/Response in Arc. Seconds" 1 (a.s.) 


DlD2-CaM 
immobilised 


1C3 scFv 


10B12 scFv 


Before 


After 


Before 


After 


Before 


After 


Cell 
1 


1.308 
/-0 . 83 


16 .012 
/733 .3 


16.012 
/733 .3 


71 . 712 
/1195 . 67 


71 . 712 
/1195. 67 


166 . 958 
/1643 . 6 


Cell 
2 


2 . 010 
/1.14 


16.360 
/1021.2 


16.360 
/1021.2 


72 . 062 
/1619.22 


72 . 062 
/1619 . 22 


167 . 951 
/2128 . 94 



A known response of hDlD2 -CaM was immobilised in each cell. 
5 Each scFv was then allowed to bind to saturation. The molar 
ratios of DlD2-CaM to each bound scFv are then calculated as 
follows: e.g. for Cell 1 the amount of DlD2-CaM immobilised is 
733.3 - (-0.83) = 734.13 a.s. 

The amount of 1C3 then bound at saturation is 
10 1195.67 - 733.3 = 462.37 a.s. 

The amount of 10B12 then bound after 1C3 , also at saturation, 
is 1643.6 - 1195.67 = 447.93 a.s. 

The ratios of 1C3 : DlD2-CaM and 10B12 : DlD2-CaM are 0.63 and 
15 0.61 respectively. 

This is very similar for each scFv and is close to the ratio 
of the calculated molecular masses (28.5kDa for scFv and 40kDa 
for DlD2-CaM) of 0.71. This confirms that binding of each scFv 
20 to hDlD2 is at a 1:1 ratio. 
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SEQ ID NO. 1 

GAGGTCCAGCTGGTACAGTCTGGGGGAGGCGTGGTCCAGCCTGGGGGGTCCCTGAGACTCTCCTG 
TGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCGCCAGGCTCCAGGCAAGG 
GGCTGGAGTGGGTGGCATTTATACGGTATGATGGAAGTAATAAATACTATGCAGACTCCGTGAAG 
GGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAG 
AGCTGAGGACACGGCTGTGTATTACTGTACGGACGGATGGGCAGAGATGGCTACAACTGATGATG 
CTTTTGATATTTGGGGCAGAGGGACAATGGTCACCGTC 

SEQ ID NO. 2 

EVQLVQSGGGVVQPGGSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAFIRYDGSNKYYADSVK 
GRFT I S RDNS KNTL YLQMNS LRAEDTAVY YCTDGWAEMATTDDAFD I WGRGTMVT V 



SEQ ID NO. 3 

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTATTGGAGACAGAGTCACCATCAC 
CTGCCGGGCCAGTGAGGGTATTTATCACTGGTTGGCCTGGTATCAGCAGAAGCCAGGGAAAGCCC 
CTAAACTCCTGATCTATAAGGCCTCTAGTTTAGCCAGTGGGGCCCCATCAAGGTTCAGCGGCAGT 
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTA 
CTGCCAACAATATAGTAATTATCCGCTCACTTTCGGCGGAGGGACCAAGCTGGAGATCAAA 



SEQ ID NO. 4 

DIQMTQSPSTLSASIGDRVTITCRASEGIYHWLAWYQQKPGKAPKLLIYKASSLASGAPSRFSGS 
GSGTDFTLTISSLQPDDFATYYCQQYSNYPLTFGGGTKLEIK 
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SEQ ID NO. 5 
SYGMH 

5 

SEQ ID NO. 6 

F I RYDGSNKYYADS VKG 

10 

SEQ ID NO. 7 
GWAEMATTDDAFDI 

15 

SEQ ID NO. 8 
RAS EG I YHWLA 

20 

SEQ ID NO. 9 
KASSLAS 

25 

SEQ ID NO. 10 
QQYSNYP 



30 



WO 03/054020 



88 



PCT/GB02/05755 



SEQ ID NO. 11 

CAGGTACAGCTGCAGCAGTCAGGGGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATCTC 
CTGTCAGGCTTCTGGATACAGCTTTTCCAGTTACTGGATCGCCTGGGTGCGCCAGATGCCCG 
5 GGAAAGGCCTGGAGTTGATGGGGATCATCTATCCTGGTGACTCTGATGCCAGATACAGCCCG 
TCCTTCCAAGGCCAGGTCACCTTCTCAGCCGACAAGTCCATAAACACCGCCTATTTGCAGTG 
GAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTATTGTGCGAGACAAGGGAAAACTGGGA 
GCTACTATTTTGGTGCTTTTGATGTCTGGGGCCAAGGGACAATGGTCACCGTCTCTTCA 

10 

SEQ ID NO. 12 

QVQLQQSGAEVKKPGESLKI SCQASGYSFSSYWIAWVRQMPGKGLELMGI I YPGDSDARYSP 
SFQGQVTFSADKSINTAYLQWSSLKASDTAMYYCARQGKTGSYYFGAFDVWGQGTMVTVSS 

15 

SEQ ID NO. 13 

CAGTCTGTGTTGACGCAGCCGCCCTCAATGTCTGCGGCCCCAGGACAGAAGGTCACCATCTC 

20 CTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACC 

CAGGCAAAGCCCCCAAACTCATGCTTTTTGAGGTCAGTCATCGGCCCTCAGGGGTTTCTAAT 

CGCTTCTCTGGCTCCAAGTCTGACAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGA 

GGACGAGGCTGATTATTACTGCAGTTCATATACAGGCAGCAGCACTTGGGTGTTCGGCGGAG 
GGACCAAGGTCACCGTCCTA 

25 

SEQ ID NO. 14 

QSVLTQPPSMSAAPGQKVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMLFEVSHRPSGVSN 
30 RFS GS KS DNTAS LT I S GLQAEDEADYYC S S YTGS S TWVFGGGTKVTVL 
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SEQ ID NO. 15 
SYWIA 

5 

SEQ ID NO. 16 

I I YPGDSDARYSPSFQG 

10 

SEQ ID NO. 17 
QGKTGSYYFGAFDV 

15 

SEQ ID NO. 18 
TGTS SDVGGYNYVS 

20 

SEQ ID NO. 19 
EVSHRPS 

25 

SEQ ID NO. 20 
SSYTGSSTWV 

30 

SEQ ID NO. 21 

CRP ( GCO ( GPO ) i oGCOG 
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* 

SEQ ID NO. 22 
5 GPP10 (GCP(GPP) 10 GCPG 

SEQ ID NO. 23 
10 CAG GAA ACA GCT ATG AC 

SEQ ID NO. 24 
15 GAA TTT TCT GTA TGA GG 

SEQ ID NO. 25 
20 CTA TGC GGC CCC ATT CA 
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CLAIMS : 

1. A specific binding member that binds human GPVI and which 
comprises an antibody VH domain selected from the group 

5 consisting of the 10B12 VH domain (SEQ ID NO. 2), the 1C3 VH 
domain (SEQ ID NO. 12) , and a VH domain comprising a VH CDR3 
with the amino acid sequence of SEQ ID NO. 7 or SEQ ID NO. 17 
and optionally one or more VH CDR's with an amino acid 
sequence selected from SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 

10 15 and SEQ ID NO. 16; and/or an antibody VL domain selected 
from the group consisting of the 10B12 VL domain (SEQ ID NO. 
4) , the 1C3 VL domain (SEQ ID NO. 14) , and a VL domain 
comprising one or more VL CDR's with an amino acid sequence 
selected from SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ 

15 ID NO. 18, SEQ ID NO. 19 and SEQ ID NO. 20. 

2. A specific binding member according to claim 1 comprising 
an antibody VH domain comprising the VH CDR's with the amino 
acid sequences of SEQ ID NO. 5, SEQ ID NO. 6 and SEQ ID NO. 7, 

20 which specific binding member competes for binding to GPVI 
with an GPVI -binding domain of an antibody comprising the 
10B12 VH domain (SEQ ID NO . 2) and the 10B12 VL domain (SEQ ID 
NO. 4) . 

25 3. A specific binding member according to claim 1 or claim 2 
comprising the 10B12 VH domain (SEQ- ID NO. 2) . 

4. A specific binding member according to claim 3 comprising 
the 10B12 VL domain (SEQ ID NO. 4) 

30 

5. A specific binding member according to any one of claims 
1 to 3 that binds GPVI with affinity equal to or better than 
the affinity of an GPVI antigen-binding site formed by the 
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10B12 VH domain (SEQ ID NO. 2) and the 10B12 VL domain (SEQ ID 
NO. 4) , the affinity of the specific binding member and the 
affinity of the antigen-binding site being as determined under 
the same conditions. 

6. A specific binding member according to any one of claims 
1 to 4 that inhibits collagen-induced platelet aggregation 
and/or the adhesion of platelets to Collagen-Related Peptide 
(CRP) . 

7. A specific binding member according to claim 6 that 
inhibits collagen- induced platelet aggregation under 
conditions of flow wherein whole blood is perfused over a 
collagen-coated surface, such that platelets within the blood 
have a shear rate of 1600 s" 1 , and/or the adhesion of platelets 
to collagen under Collagen-Related Peptide (CRP) under static 
conditions, with a potency equal to or better than the potency 
of a GPVI antigen- binding site formed by the 10B12 VH domain 
(SEQ ID NO. 2) and the 10B12 VL domain (SEQ ID NO. 4) , the 
potency of the specific binding member and the potency of the 
antigen -binding site being as determined under the same 
conditions. 

8. A specific binding member according to claim 1 comprising 
an antibody VH domain comprising the VH CDR's with the amino 
acid sequences of SEQ ID NO. 15, SEQ ID NO. 16 and SEQ ID NO. 
17, which specific binding member competes for binding to GPVI 
with an GPVI -binding domain of an antibody comprising the 1C3 
VH domain (SEQ ID NO. 12) and the 1C3 VL domain (SEQ ID NO. 
14) . 

9. A specific binding member according to claim 1 or claim 8 
comprising the 1C3 VH domain (SEQ ID NO. 12) . 
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10. A specific binding member according to claim 9 comprising 
the 1C3 VL domain (SEQ ID NO. 14) 

11. A specific binding member according to claim 1, claim 8 
or claim 9, that binds GPVI with affinity equal to or better 
than the affinity of an GPVI antigen-binding site formed by 
the 1C3 VH domain (SEQ ID NO. 12) and the 1C3 VL domain (SEQ 
ID NO. 14) , the affinity of the specific binding member and 
the affinity of the antigen-binding site being as determined 
under the same conditions. 

12 . A specific binding member according to any one of claims 
1 to 11 that comprises an scFv antibody molecule. 

13 . A specific binding member according to any one of claims 
1 to 11 that comprises an antibody constant region. 

14 . A specific binding member according to claim 13 that 
comprises a whole antibody. 

15 . An isolated nucleic acid which comprises a nucleotide 
sequence encoding a specific binding member or antibody VH or 
VL domain of a specific binding member according to any one of 
claims 1 to 14 . 

16. A host cell transformed with nucleic acid according to 
claim 15. 

17. A method of producing a specific binding member or 
antibody VH or VL domain, the method comprising culturing host 
cells according to claim 16 under conditions for production of 
said specific binding member or antibody VH or VL domain. 
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18. A method according to claim 17 further comprising 
isolating and/or purifying said specific binding member or 
antibody VH or VL variable domain. 

19. A method according to claim 17 or claim 18 further 
comprising formulating the specific binding member or antibody 
VH or VL variable domain into a composition including at least 
one additional component. 

20. A method of obtaining a specific binding member that 
binds human GPVI , the method comprising 

providing by way of addition, deletion, substitution or 
insertion of one or more amino acids in the amino acid 
sequence of the 10B12 VH domain (SEQ ID NO. 2) or 1C3 VH 
domain (SEQ ID NO. 12) one or more VH domains each of which is 
an amino acid sequence variant of the 10B12 VH domain or 1C3 
VH domain, optionally combining one or more VH domain amino 
acid sequence variants thus provided with one or more VL 
domains to provide one or more VH/VL combinations; and/or 

providing by way of addition, deletion, substitution or 
insertion of one or more amino acids in the amino acid 
sequence of the 10B12 VL domain (SEQ ID NO. 4) or 1C3 VL 
domain (SEQ ID NO. 14) a VL domain which is an amino acid 
sequence variant of the 10B12 VL domain or 1C3 VL domain, and 
combining one or more VL domain amino acid sequence variants 
thus provided with one or more VH domains to provide one or 
more VH/VL domain combinations; 

and 

testing the VH domain amino acid seguence variants or 
VH/VL combination or combinations for to identify a specific 
binding member that binds human GPVI . 
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21. A method of obtaining a specific binding member that 
binds human GPVI, which method comprises: 

providing starting nucleic acids encoding one or more VH 
domains which either comprise a CDR3 to be replaced or lack a 
5 CDR3 encoding region, and combining said starting nucleic acid 
with a donor nucleic acid encoding the VH CDR3 amino acid 
sequence of SEQ ID NO. 7 or SEQ ID NO. 17 such that said donor 
nucleic acid is inserted into the CDR3 region in the starting 
nucleic acid, so as to provide product nucleic acids encoding 
10 VH domains; or 

providing starting nucleic acids encoding one or more VL 
domains which either comprise a CDR3 to be replaced or lack a 
CDR3 encoding region, and combining said starting nucleic acid 
with a donor nucleic acid encoding the VL CDR3 amino acid 
15 sequence of SEQ ID NO. 10 or SEQ ID NO. 2 0 such that said 
donor nucleic acid is inserted into the CDR3 region in the 
starting nucleic acid, so as to provide product nucleic acids 
encoding VL domains ; 

expressing the nucleic acids of said product nucleic 
20 acids encoding VH domains and optionally combining the VH 

domains thus produced with one or more VL domains to provide 
VH/VL combinations, and/or expressing the nucleic acids of 
said product nucleic acids encoding VL domains and combining 
the VL domains thus produced with one or more VH domains to 
25 provide VH/VL combinations; 

selecting a specific binding member comprising a VH 
domain or a VH/VL combination that binds GPVI; and 

recovering said specific binding member that binds GPVI 
and/or nucleic acid encoding the specific binding member that 
30 binds human GPVI . 

22. A method according to claim 20 or claim 21, further 
comprising testing the specific binding member that binds 
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human GPVI for ability to inhibit collagen- induced platelet 
aggregation under conditions of flow wherein whole blood is 
perfused over a collagen-coated surface, such that platelets 
within the blood have ja shear rate of 1600 s~ x , and/or the 
adhesion of platelets to collagen under Collagen-Related 
Peptide (CRP) under static conditions. 

23 . A method according to claim 22 wherein a specific binding 
member that binds human GPVI and inhibits collagen- induced 
platelet aggregation and/or the adhesion of platelets to 
Collagen-Related Peptide (CRP) is obtained. 

24. A method according to any one of claims 20 to 23 wherein 
the specific binding member that binds GPVI is an antibody 
fragment comprising a VH domain and a VL domain. 

25. A method according to claim 24 wherein the antibody 
fragment is an scFv antibody molecule. 

26. A method according to claim 24 wherein the antibody 
fragment is an Fab antibody molecule. 

27. A method according , to claim 25 or claim 26 further 
comprising providing the VH domain and/or the VL domain of the 
antibody fragment in a whole antibody. 

28. A method according to any one of claims 2 0 to 2 7 further 
comprising formulating the specific binding member that binds 
GPVI or an antibody VH or VL variable domain of the specific 
binding member that binds GPVI into a composition including at 
least one additional component. 
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29. A method according to any one of claims 17 to 28 further 
comprising binding a specific binding member that binds human 
GPVI to GPVI or a fragment of GPVI . 

5 30. A method comprising binding a specific binding member 

that binds GPVI according to any one of claims 1 to 14 to GPVI 
or a fragment of GPVI . 

31. A method according to claim 29 or claim 30 wherein said 
10 binding takes place in vitro. 

32. A method according to any one of claims 29 to 31 
comprising determining the amount of binding of specific 
binding member to GPVI or a fragment of GPVI . 

15 

33. A method according to any one of claims 17 to 2 8 further 
comprising use of the specific binding member in the 
manufacture of a medicament for treatment of a disease or 
disorder selected from the group consisting of cardiovascular 

20 conditions, thrombosis, stroke, intermittent claudication, 
conditions with disseminated intravascular coagulation, 
thrombocytopenic purpura, haemolytic uraemic syndrome, damage 
to blood vessel wall resulting from surgery or therapy, 
collagen- induced inflammation, homozygous sickle disease, 

25 kidney damage by platelet and fibrin disposition on the 
glomerular membrane and micro- angiopathic vasculitides . 

34. Use of a specific binding member according to any one of 
claims 1 to 14 in the manufacture of a medicament for 

30 treatment of a disease or disorder selected from the group 

consisting of cardiovascular conditions, thrombosis, stroke, 
intermittent claudication, conditions with disseminated 
intravascular coagulation, thrombocytopenic purpura, 
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haemolytic uraemic syndrome, damage to blood vessel wall 
resulting from surgery or therapy, collagen- induced 
inflammation, homozygous sickle disease, kidney damage by 
platelet and fibrin disposition on the glomerular membrane and 
5 micro-angiopathic vasculitides . 

35. A method of treatment of a disease or disorder selected 
from the group consisting of cardiovascular conditions, 
thrombosis, stroke, intermittent claudication, conditions with 

10 disseminated intravascular coagulation, thrombocytopenic 

purpura, haemolytic uraemic syndrome, damage to blood vessel 
wall resulting from surgery or therapy, collagen- induced 
inflammation, homozygous sickle disease, kidney damage by 
platelet and fibrin disposition on the glomerular membrane and 

15 micro-angiopathic vasculitides, the method comprising 

administering a specific binding member according to any one 
of claims 1 to 14 to a patient with the disease or disorder or 
at risk of developing the disease or disorder . 
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